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IMPORTAl^IT: Your attention is again called to the fact that 
this is not an ordinary book. It's pages are scrambled in 
such a way that it cannot be read or studied by turning the 
pages in the ordinary sequence. To serve properly as. the 
guiding element in the Articulated Multimedia Physics Course, 
this Study Guide must be used in conjunction with a Program 
Control equipped with the appropriate matrix transparency 
for this Lesson^ In addition, every Lesson requires the a- 
vailability of a magnetic tape playback and the appropriate 
cartridge of instructional tape to be used, as signaled by 
the Study Guide, in conjunction with the Worksheets that ap- 
pear in the blue appendix section at the end of the book. 
Many of the lesson Study Guides also call for viewing a single 
concept film at an indicated place in the work. These films 
are individually viewed by the student using a special pro- 
jector and screen; arrangements are made and instructions 
are given for synchronising the tape playback anr' the film 
in each case* 
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STUDY GUIDE TEXT: Page 39, near center of Page. Change 9.30 

m^sjec to 9«80 b/^jgc • Thisj is; the correct value of s^av- 
itational acceleration in the aksi e.ysjten^ "ral*^ if] a typo- 
graphical error^ 

STUDY GUIDE DIAGRAI^^IS: No correotionEU 

WORKSHEETS: Page 177> i^Jorlcfjheet for Tape Segment 2, Data Item A* 

Note that die coraplete statenent of the relation given in 
this Data Item is? , 

P = ■' ' w in which F is the electrical 
e ^2 e 

force between particlemj and qg are the charges^ on the 

Particles, and r isj the fieparation di^itance between thera. 
If one deals with the ^'ame two particlesj throughout a given 
problein, then and q^ do not change (remain constant). 
Thus, the charges? and the constant k may be combined in the 
form of a quantity that "lb still a constant. This is the 
form used in the Data Item. 

P =^2 
e r^ 

This form is all you need to answer the Worksheet questions. 
Please add the subscript "e" under the "P*^ in the worksheet 
equation. 
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If you have rect:: tly completed Lesson 5 of this series Graphs of Motion , 
you may be puzzled by the title of this lesson - You ask, "Haven't we already 
studied uniformly accelerated motion of bodies starting from rest?" 

The subject of motion has more than one aspect* We have closely 
scrutinized distance, speed, and time from the point of view of gxaphical 
interrelationships. We have seen that a v-t graph for a uniformly accelerating 
body is a straight line, that the area under the curve represents, the distance 
the body travels in the stipulated time, that the actual acceleration of 
the moving object may be obtained from the slope (AvMu) of the v~t curve, 
and that acceleration is measured in units like mi/hr-sec^ km/hr~sec, and 
ft/sec'^^ All of this will be very helpful in studying the new material in 
this lesson because you have gained a clear mental picture from the graphs of 
the ways in which distance, speed, and time are related to each other. 

Now, what aspect of motion concerns us in this lesson? The processes 
of simple algebra may be easily adapted to the solution of motion problems » 
While a graph is superb for clarifying an idea or a relationship, it is some- 
times inconvenient and often time-consuming to draw one to scale r On the 
other hand, algebraic solutions of motion problems, while they do not draw 
pictures for you, do offer a speedy and accurate technique that has great 
value for the student of physics* 



Please go on to page 2r 
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^. ,.. Of course, there was also som e algebra involved in the study of 
graphs. Since we shall want the simple little equations already developed 
in your notebooks in consolidated form, let's start the notes for thii-s lesson 
with the following entry: 





NOTEBOOK ENTRY 




Lesson 6 


1 . Review 


of Basic Equations of Motion 


(a) 


For a body moving with constant speed, 

(1) d - vt (2) V = d/t (3) t d/v 


(b) 


Average speed of a body moving with random speed changes . 

T = d/t 


(c) 


Average speed of a body moving with uniformly changing speed and 
starting from rest. 

v" - v/2 where v final velocity* 


(d) 


The slope of a d-t curve for a body moving with uniform speed 
gives the speed of the body. 

(d-t) slope = V =AdM't. 


(e) 


The slope of a v-t curve for a body moving with uniform accel- 
eration gives the acceleration of the body. 

(v-t) slope = a = Av/At» 


Our 


objective in this lesson is to teach you how a complete set of 



equations of motion is derived and how to use these equations once you have 
learned them. We. shall also show that bodies in free fall near the Earth^s 
surface follow the same set of equations, making it possible to predict 
many interesting things about falling bodies a 



Please go on to page 3^ 
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Just as a precautionary measure, we are going to start this lesson 
with a review of proportions , even though we know that you studied this subject 
m elementary arithmetic and again in algebra. The physicist makes frequent 
use of proportions, however, and we'd best be sure that you have a good 
working knowledge of them. 



P-oceed now to the start of the lesson by turning to page 4. 
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To get you started on proportions, we'll consider a very easy kind of 
relationship involving the areas of rectangles. 



A 2,0 cm' 
a 



5,0 cm^ 



= 2 
6.0 cm^ 



T 



2.0 cm 



== 1.0 cm = 2.5 cm 



= 3.0 cm 



A = L X W 
Figure 1 

F. 5ure 1 shows three irectangles having different lengths but identical 
widths. Since the area (A) of a rectangle is always A = L x W (L = length, 
W = width), we can summarize the information about these rectangles this 
v/ay: 

2 

A^ = X W = 1.0 cm X 2.0 cm = 2-0 cm 

2 

A^ = X W = 2,>5 cm X 2*0 cm = 5.0 cm 
A^ ~ ^ ~ -^'^ cm X 2.0 cm = 6.0 cm^ 

From this we can see that if the width i£ held constant , then multi- 
plying the length by 2,5 (2.5 cm is 2*5 times as large as 1.0 cm) causes the 
area to increase by a factor of 2-5 (5=0 cm^ is 2*5 times as large as 2.0 cm^) 
Or, multiplying the length by 3 (3*0 cm is 3 times as large as the original 
1.0 cm) causes the area to increase by the same factor since 6.0 cm^ is iust 
3 times as large as 2.0 cm^« 

Quantities like the length and area in this example are said to be 
directly proportional to each other. By whatever factor you multiply (or 
divide) the length, the area increases (or decreases) by exactly the same 
factor . 

In our example above, if you were to increase the length to 8 cm 
(this is multiplying the initial length by a factor of 8), how many times 
as large as the original area vjould the new area be? 

(1) 

A 8 times as large. 
B 16 times as large. 
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This page has been inserted to maintain continuity of text. It is 
not intended to convey lesson information. 
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This page has been inserted to maintain continuity of text. It is 
not intended to convey lesson information. 
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YOUR ANSWER B 



This is not the simplest possible form of the definition of acceleration 
for a body that starts from rest and accelerates uniformly 

You apparently realized that Av reduces to because you replaced the 
/^v by just plain v in your answer » But a similar thing happens to the />t 
term, doesn't it? 

At = t - 0 where t^ is the final time 
Why, then, did ycu leave the denominator At instead of implifying 

it? 



PleL'Se return to page 150, You can find a form simpler than 
a =AvMt„ 
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YOUR ANSWER — B 



You probably weren^t careful in your arithmetic. It appears you 
recognized that the distance is proportional to the crOuxre of the time and 
that the second interval is 4 times as long as the f^irsc (i.e. 8 sec = 
4x2 sec) • 

Since d ^ kt^, then: 

For 2 sec 28 m 
For 8 sec ?? m 
?? Tn 

Since the right side of the last equation is 16 times as large as the 
right side of the first equation, then the left side of the latter must also 
be 16 times as large as the left side of the former^ But the left side of 
the first equation is 28 m; hence the left side of the last equation must be 
16 X 28 m* 

You apparently obtained 8^ as the square of 4. That would explain 
why your answer came out just half as large as it should , 



- k(t) where t 2 sec* 

k(4t)^ where 4t = 8 sec- 
= k X 16t2 



Please return to page 138 and select the correct answer. 
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YOUR ANSWER — A 



You are coi recto You filled in the words distance and velocity o 



Well> let's see how such an equation is obtained o We shall first 
write the two fundamental equations we already have for bodies that start 
from rest and accelerate uniformlyo 



(1) a = v/t 

(2) d = hat 



From what has been said above, you can see that we want an equation 
that contains d^, and Vc The t_ terras should not appear in ito That is, 
we want to eliminate the t^ terms from the two equations o 

The easiest way to do this is to first solve equation (1) for _t 
and then substitute this new value of t^ in equat;lon (2) <. Thus; 

from (1) : . t =^ v/a 



We then substitute v/a in place of t^ in equation (2) this way: 
, ax (v/a) _ a x v^/a^ 



v^/a ^ v^ 
2 2a 



It appears, then, that we should be able to find the height of rise 
of a vertically projected object (or the distance fallen by an object that 
is dropped from a height "^ by squaring the final velocity and dividing by 
twice the acceleration. 



Please go on to page 10 □ 



10 



Our mathematics has given us this equation for relating acceleration, 
distance, and velocity: 

d = v^/2a 

Before accepting this relation, we should perform one more operationo 
We have done this throughout our work; do you remember what it is? 



Let's seeo After deriving a general equation in physics, we should 
insure its validity by which of the following? 

(39) 

A Testing it on a new problem, 

B Working it in reverse to see if we come out with the same expression 
with shich we began* 



C Performing a dimensional or unit check on it. 
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YOUR ANSWER A 



On the face of it, this answer is much, much too large » A bomb 
moving with a speed of 640,000 ft/sec would be moving at 43,700 miles per 
houxl Even high-speed orbital satellites don't travel at this speed! 

We know what caused this error. You forgot the square-root sign. 



Please return to page 60 and try again. 
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YOUR ANSWER A 



Your arithmetic is apparently correct, but your algebra isn't. This 
answer is not acceptable. 



For the case of a body brought to rest from some initial speed, we 
can no longer use the simple expression a = v/t. In order to keep our 
algebraic signs correct, we must resort to the general form of the equation; 
a = Av/At. ' 

We have proved that the acceleration of a body that is slowing down 
is a negative quantity; we have also shown that its change of velocity is 
negative as well. 

Then, transposing it and £ in the equation above, we have 

/>,t == ^ - ^? " V] - Q ft/sec - 88 ft/sec 
a ^ a -15 ft/sec^ 



. „ -88 ft/sec 
- 15 ft/sec^ 



= 9 



There is a (~) sign in the numerator; there is a (-) in the denominator, 
Algebraically speaking, what is the sign of the quotient? Knowing this, 
you can see why the answer you chose is wrong. 



Please return to page 25 and select the alternative answer. 
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YOUR ANSWER — A 



You are correct • When two symbols like 1^ and Rj are placed adjacent 
to one another as in Ij^f^jj yo^ assume the presence of a "times" sign.* 



Thus, ^i^i is the product of I^^ and Rj^ . Also, 12^2 product of 

I2 and R2^ So, when you see I^Rj = ^2^2> read it as: "The product 

of and Ri equals the product of I2 and R2»'* 

OoK. If the products are equal to one another, then which of the 
following statements is also true as a consequence of this? 

(9) 

) 

A If numerals are substituted for the symbols, then ^i^i will have 
an answer different than 12^2' 

B If numerals are substituted for the symbols, then I^Rj^ will have 
the same answer as 12^2** 
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YOUR ANSWER B 



You're not thinking this through. 



You want to determine distance , d_« The expression (a = v/t) does 
not contain a distance term, so how can you solve it for distance? 

Thus in selecting a relation that will help you answer a question 
from the real world, you must be sure that the equation contains all the 
terms you are given plus the quantity you are to findo 



Please return ^:o page 114c You should be able to select the correct 
;answer this timeo 
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YOUR MSWER — A 



This sounds good but isn't I Seconds are numbered as shoTO below: 
0 1 sec 2 sec 3 sec 4 sec 5 sec 6 sec 



i / ^ } i ^ i i , i < ^ 1 . ^ 

first second third fourth fifth sixth 

sec sec sec ' sec sec sec 

So, if you subtract the distance fallen in 5 sec from the distance 
fallen in 6 sec, you have found the distance fallen during which second? 
The sixth, of course^ This gives the answer away, doesn't it? 



Please return to page 126 and select the correct answer. 
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YOUR ANSWER B 



You are corrects Since a = v/t, then: 

^ _ 24 ft/sec ft 

a - — = 8 2 

3 sec ^sec 

Very often we meet situations in which the acceleration of the body 
is knoi^ and we have to determine its final velocity, knowing its time of 
travelo Here is a sample probi^'fn of this type* 

A body in free-fall near the surface of the Earth accelerates uniformly 
at. the rate of about 9*80 meters per second per second* If it were allowed 
to fall for 2 = 00 sec, what would be its final velocity? (From now on, 
unless told otherwise, you may assume uniform acceleration and a start from 
test conditiono) 

(16) 

A Its final velocity would be 4*90 m/sec. 
B Its final velocity would be 19^6 m/sec. 
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YOUR ANSWER B 



This answer doesn't agree with our definition of k as a constant that 
does not change under any circumstances. 



If two quantities are proportional, then multiplying one of them by 
some fraction will cause the other to be multiplied by the same fraction* 
Nr>w, B is_ directly proportional to A because that is what is meant by B = 
kA» Hence, this rule must apply. 

When we say that A is reduced by 1/3, we mean that the new A is 1/3 
as large as the old A. What then must happen to B? 



Please return to page 132 and select another answer. 
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CORRECT ANSWER: It the distance is increased 5 times, the intensity is 
reduced to .1/25 of its former value. That is, 



Initially: 
After a fivefold increase: 



d2 



B 



B 



(5d)^ 25d' 



The light-hand term in the new equation is 1/25 the initial value; 
hence the . intensity is reduced to 1/25 of its former value* 



NOTEBOOK ENTRY 



Lesson 6 



(Item 2) 



(e) The expression y = kx states that y is directly proportional 
to the square of jc* 

(f) The expression y = k/x^ states that ^ is inversely proportional 
to the square of Xo 



For the remainder of this lesson we shall be concerfjOi with developing 
and using the equations of motion for a very specific kind of motion which 
we ran descxibe as follows: 

BODIES THAT START FROM REST AND ACCELERATE UNIFORMLY. 



Which of the graphs in Figure 4 describes this kind of motion? 



0 t 
1 



0 t 
2 



0 



0 t 
3 




(12) 



Figure 4 



A Graph 1 B Graph 2 C Graph 3 D Graph 4 
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YOUR ANSWER - A 



More than that I We hope that this error was due to carelessness 
rather than lack of understanding. 



If distance were directly proportional t-o time, then the proportion 
would read d - kt. But that isn't it, is it? 

Please be more careful. 



Please return to page 164 and select another answer. 
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YOUR ANSWER — - C 



Here's Group 3 again: 

W = kf E/W = k 

YouM be able to recognize the type of proportion implicit in W = kf 
if you would manipulate the expression so that k would be alone on one side 
of the equation. In this way you could see immediately whether the ratio 
or the product of the variables was equal to a constant. The conversion we 
suggest is most easily accomplished by dividing both sides of W = kf by f . 
This gives: 

W/f - k 

This is a constant ratio* So, what kind of proportion is it? 

Now E/W = k is already in its correct form for analysis. Again we 
have a ratio of variables equal to a constant. 

Since both proportions are direct, of course, your answer is not 
correct. 



Please return to page 146 and select another answer. 
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YOUR ANSWER C 



This answer is incorrect. 



The equation for determining distance is d » %at . You substituted 
in the numerator properly but forgot to divide by 2. Review the problem 
and correct your error. 



Please return to page 139 and select the correct answer. 
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CORRECT ANSWER: It takes 40 sec for the flour sack to fall to Earth. 



If your answer checks with ours, turn to page 23. 



If your answer is different from ours, return to page 117 and reconsider 
the problem. Work it out again until your answer is t = 40 sec. 
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Have you ever wondered how high you can throw a ball straight up in 
the air? If you know the initial velocity you can impart to the ball, you 
can now calculate the height to which it will rise. With the information 
now in your possession, you have to handle this problem in two steps. You 
will first have to determine the time required for the ball to reach the peak 
of its rise, and then you can calculate the height to which it rose. (Later 
we shall derive one more general equation that will permit you to find the 
height in a single step») 



Rise 




Figure 7 

Refer to Figure 7, We shall consider the rise of the ball to the 
highest point in its ascent. Imagine that you are standing on the ground 
and that you throw the ball straight up . If the throw is perfect, the ball 
will come down along exactly the same path. In our drawing, we have dis- 
placed the fall path slightly to the right only to prevent confusion . 

We have shown two velocities, V]^ and V2<. Considering only the rise 
path , what do these velocities represent ? 

(34) 

A Vj^ is final velocity and V2 is initial velocity. 
B Vj^ is initial and V2 is final velocity. 



C Both V| and V2 are initial velocities. 
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YOUR ANSWER A 



This is not correct. For the following set of values: 




2,0 cm and 



7^ 2,0 cm and 




= 2,0 cm 



we find that each of these operations give a constant number , 2,0 cm. 
We might have expected this, of course, since dividing area by length is 
bound to give che width of the rectangle, and we know this is constant since 
we made xt so to begin with. 

But you said that the two quantities are proportional if their product 
is a constant. Certainly the operations shown above are not products, are 

they? 



Please return to page 52 and select the correct answer. 



Z5 



YOUR ANSWER — B 



You* aie correct. Here's the proper format and solution: 
Given Find Equation Substitutions 

a - /.OO m/sec^ d d - i^at^ ^^qoJL.^ x (3,80 sec)- 

, sec 

d =: 



t = 3.80 sec 



7.00-— ^^-x 14.44 js^et?^ 
d = 



2 

d = 50c 5 m (answer) 

So, the cart starting from rest and picking up speed as it rolls down 
an inclined plane will travel a distance of 50,5 meters in the allotted time 
of 3o80 seco 



Another very practical type of situation with which automotive 
engineers must often wrestle involves the effectiveness of the brakes of a 
newly designed car o A very important question is this: ''If the rate of 
deceleit atlon (slowing down or negative acceleration ) and the initial velocity 
of a car are known, how long will it take the brakes to bring the car to 
rest?" 

We shall pause a moment here to refresh your memory* Our original 
definition of acceleration, you will recall, is a = ^v/At, We simplified 
this by omitting the *'A's" only for the condition of a body starting at rest 
and accelerating uniformly. Now, the conditions have changed. This car 
starts with a given velocity and then comes to rest. In all our previous 
examples, the final velocity was a larger number than the initial velocity 
because the body gained speed; now, the final velocity will be a smaller 
number than the initial velocity because the body is decelerating^ 



Please go on to page 26* 
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Where previously V2 (end of trip speed) was larger than vi (start 
of trip speed), the reverse will now be true* What will be the effect of 
this on our equations? 



We'll use some figures to help clarify this. Suppose a car is moving 
at a speed of 30 mi/hr (or 44 ft/sec) e The brakes are applied, causing the 
car to come to rest in 2^2 sec^ Let us find the deceleration in ft/sec . 
Using the general equation: 



a = ^ - " '^ i - 0 ft/sec - 44 ft/sec _ -44 ft/sec 
At t " 2,2 sec 2,2 sec 



a = -20 ft/sec' 



Note that deceleration is , therefore , negativ e acceleration and is 
indicaced by (-) sign before the quantity 0 Note also that A v, the change 
in velocity, is also a negative quantity because the final speed is less 
than the initial speed. Thus, in solving any deceleration problem in which 
the body is brought to rest uniformly, remember that a_ is negative and that 
<lW is also negative. 

Right? Now let's see how long it takes to bring to rest a car moving 

at a speed of 6G mi/hr initially (88 ft /sec) whose brakes are capable of 

producing a deceleration of 15 ft/sec^. Use the general equation and find to 
\'Jhat answer do you get? Select one of the.se: 



(23) 



A t = -5o9 sec. 



B t = 5.9 secc 
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CORRECT ANSWER: I3 must take on the value of 1, 



If Rj has become 16, then I must take on the value of 1 in order 
than the product of I3R3 will still be equal to 16 as the expression 
dict&teso 

Thus it should now be clear to you that the expression: 

I][R][ = ^2^2 ~ -^3^3 restated 

this way: 

IR = k (a constant) 

Now, go back to item 2(d) in your notes. Keep your finger on it while 
we return to the original question e 



Please return to page 71, 
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YOUR ANSWER B 



Right. But the original question did not ask for this information, 

did it? 



To return to the original question, please turn to page 126, 
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YOUR ANSWER A 



This statement not incorrect. To see why, first determine which 
relationship is implied in the statement. Since it involves a_, d_, and _t, 
we will write: 

d » ^at^ 

If acceleration (a) is constant, then a/2 is constant and may be 
replaced by Ik: 

d = kt^ 

2 

Transposing to get the k. alone on one side, we move the t_ to the le 
and into the denominator: 




Thus, we have a constant ratio signifying a direct proportion; this 
means that d^ is directly proportional to jt£ or, in words, the distance is 
directly proportional to the square of the time if the acceleration is held 
constant o 



) 

Please return to page 78o Try once more to locate the incorrect 
statement c 
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YOUR ANSWER — A 



Not right i Is your notebook in order? 



Please turn to page 31 and make this entry now 



FRir 
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NOTEBOOK ENTRY 



Lesson 6 



1 « Review of Basic. Equations of Motion 

(a) For a body moving with constant speed, 

(1) d = vt (2) V = d/t (3) t = d/v 

(b) Average speed of a body moving with random speed changes, 

V = d/t 

(c) Average speed of a body moving with uniformly changing speed and 
starting from rest- 

V = v/2 where v = final velocity, 

(d) The slope of a d-t curve for a body moving with uniform speed 
gives the speed of the body. 

(d-t) slope = V = 4dMt 

(e) The slope of a v-t curve for a body moving with uniform 
acceleration gives the acceleration of the body, 

(v-t) slope = a = dv/4t 



Please go on to page 120, 
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YOUR ANSWER — B 



You are correct. Since Tf never changes, it may be considered to be 
the constant of proportionality. 

Hence, in words, A = kr , reads as follows: "The area of a circle is 
directly proportional to the square of the radius." 

-r = 2.00 cm 



A - (3,14) (1)^ 
- 3.14 cm^ 




r 1.00 cm 




A = 



(3,14)(2)^ 
= 3,14 X 4 
= 12„6 cm2 



Figure 2 



To extract the full meaning from this statement, refer to Figure 2« 
Circle 1 has a radius of 1.00 cm; hence an area of 3-14 cm^ as indicated. 
Circle 2 has double the radius and an area of 12.6 cm^. Since 12.6 is 4 
times as great as 3.14 (to 3 significant figures, of course), we see at 
once Chat: If the radius of a circle is doubled , its area increases 4^ times. 

We could have obtained this answer directly from the proportionality 
much more easily. First we write A = kr^ . Next we ask, "What will happen 
to the area A if the radius is doubled?" To answer this, we write: A = 
k(2r) e Now, this next point is extremely important. To show the doubled 
radius, we wrote 2r , but this entire quantity, (2r) , must be placed inside 
the parentheses; to show that the whole thing is to be squared . So, squaring 
we have: A = k(4r^) = 4kr^*. The quantity on the right is now 4 times as 
large as it was initially; hence the area must have increased by a factor 

of 4: 



Please turn to page 33 to continue. 



33 



In the last step, we doubled the radius and obtained a fourfold 

Increase in area. What happens to the area if we triple the radius as 

compared to its initial length of IcOO cm? 

(5) 

A It will increase fay a factor of 3. 

B It will increase by a factor of 6, 

C It will increase by a factor of 9. 
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YOUR ANSWER A 



You are correcCo We know a and t^, and we want to find d^* All these 
terms, and no others, are contained in the relation d - i^at^. 



CAUTION: Don't expect to always have an equation handy. You may have to 
combine several or find a quantity for one equation by using another. 

Returning to our car problem, we will find it very helpful to list 
the given quantities in terms of their sjrmbols like this: 

Given Find A ppropriate Equation 

a - 10 ft/sec^ d d = i^at^ 

t 4 sec 

Substitutions 



sec 



2 X (4 sec)^ lo^-fl^. X 16 ^MtT^ 



= 80 ft 



Now you try one. A cart rolling down an inclined plane has a uniform 
acceleration of 7.00 m/sec^o How many meters will it roll if it starts 
from rest and travels for 3o80 sec? 

FOLLOW THE PROBLEM FORMAT ABOVE. Write what is given in terms of 
the symbols; indicate what is to be foiind; select the appropriate equation 
containing all the terms you can use; then substitute, carrying units, and 
solve c Only one of the answers below is corrects Ifliich is it? 

(22) 

A 13.3 m 

B 50«5 m 



C iOl m 
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YOUR ANSWER C 



We believe we know what you were thinking when you selected this answer. 



Certainly, v^^ is the initial velocity for the rise path because the 
entire action starts when you impart this velocity to the ball. Also, V2 
is certainly the initial velocity of the ball as^ i^ starts downward on the 
fall patho 

But, we asked you to consider the rise path only > On its upward 
flight, the ball is being decelerated by thi gravitational force. When it 
reaches- the highest point in its rise path, it must come to rest before 
it can reverse its direction and begin to fall. 

Then V2 may be considered either the end of the rise path or the 
beginning of the fall patho But if we restrict our discussion to the rise 
path, then we must think of Vo as what? Is it an initial or a final velocity? 



Please return to page 23 ^ Choose the correct answer this time. 
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YOUR ANSWER — - D 



You are correct. Group 2 is : vt = k, and P = k/V. 

The relation vt = k is a clear-cut inverse proportion because it 
contains a constant product . The other one, P k/V is not as easy to see 
right away, but by transposing V to the left side, we obtain PV = k. 
Here, again, is a constant product or an inverse proportion. 

There is one other type of relationship that appears in physics with 
considerable frequency* We think that you can figure it out for yourself 
without further explanation* Suppose you try. Don't let the meanings of 
the symbols distract you from the main idea of interpreting the relationship. 



Please go on to page 37 • 



37 



The amount of illumination that falls on a screen from a given source 
of light depends upon the brightness of the source and upon the distance 
between the source of light and the screen. The equation that relates 
them is : 

I = B/d2 

where I = intensity of illumination, B = brightness of light source, and 
d = the dist^.nce between screen and source* 

Now pictare this: VJe keep the brightness (B) constant by working with 
the same lamp; then we gradually increase the distance (d). Naturally, the 
illumination (I) will decrease as the screen gets farther away. With B 
constant , which one of the following statement correctly describes the 
t elationship? 

(11) 

A The intensity of illuminition is not proportional in any x^ay 
to the distance between screen and source, 

B The intensity of illumination is inversely proportional to the 
distance between screen and source. 

C The intensity of illumination is inversely proportional to the square 
of the distance between screen and source, 

D The intensity of illumination is directly proportional to the 
distance between screen and source. 



38 



- YOUR ANSWER — C 



You are correct. The formal procedure would go something like this: 

d = kt^ 

First interval 28 m = kt^ where t = 2 sec. 
Second interval ?? m = k(4t)'^ where 4t = 8 sec. 
?? m = 16kt2 
Hence 448 m = IGkt^ since 448 = 16^x 28. 





NOTEBOOK ENTRY 




Lesson 6 


Item 3(b) 




(1) 


Since a/2 is constant, the proportionality may be written as: 




d « kt^ where k = a/2 




This shows that the distance traveled by a body starting from 




rest and accelerating uniformly is directly proportional to the 




square of the time of travel. 


As 


a final check on your understanding of the relationship between 



time of travel and distance covered, suppose you answer this question. A 
uniformly accelerating body starting from rest covers a distance d^ in a 
certain time interval t_. If the same body is allowed to accelerate for a 
time interval 9 times as long as in the first instance, what will be the 
distance it will cover? 

(29) 

A 9d 



B Bid 
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YOUR ANSWER B 



You are cctrect,. The solution follows: 

Give n Find Equation Substitutions 

t ^ a sec. d d = ^ ^ 32 ft/sec^ x 9 sec^ 

a =^ g =^ 32 ft/sec/^ ^ 2 

d » 16 X 9 ft/sec^ x sec 

d = 144 ft 

Try a similar problem in the mks system. 



A Stone is thrown straight up into the air with an initial velocity 
of 24.5 m/sec. Taking g = 9o80 mf/sec^, find: 

(a) the time required for the stone to return to Earth after the 
Instant of throwing « 

(b) the distance to which the stone rose above the Earth at the 
top or its ascent o 



Work this out. to three significant figures o Then choose the group 
below in which both .answers are correct o 

(3?) 

Group 4^ 
A t - 5.00 sec 
d ^ 61 '2 m 

Group 3_ 
B t ^ 5oOO sec 
d 30c. 6 m 

Grou p 2_ 
C t SoiO sec 
d ^ 30o6 m 



D 



Group 

t ^ 2o50 sec 
d « 100 m 
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YOUR ANSWER A 



Maybe you got your new and old terms mixed up. 



If two quantities are directly proportional, then multiplying one of 
them by some fraction will cause the other to be multiplied by the same 
fraction. 

When we say that A is reduced by i./3, we mean that the new A is 1/3 
as large as the old A. Then what must happen to B? 



Please return to page 132 and select another answer. 



\ 
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YOUR ANSWER B 



You filled in the words distance and time c We already have such 
lelationship. Doesn^r the expression 

d Hat^ 

contain the tems? Doesn't it give the relationship between acceleratio 
distance, and time? Certainly it doeso 



So please return to page 172 and pick a better answer^ 
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YOUR ANSWER D 



Very bad guess I Is your notebook in order? 



Go to page 31 and make this entry now. 



ERIC 
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YOUR ANSWER C 



Ail .eight, we'll run through it on one or two other equations. 



Say we want to check d = vt (for uniform motion) « Since mks units 
ate used, d_ is measured in meters, v is measured in meters per second, 
and t_ is measured in seconds* We substitute these units in the equation: 

d a vt 

m » m/sec x sec 

]^ext , we perform whatever indicated operations are possible, handling 
the unit abbreviations as though they were numbers * Notice on the right 
side that we have sec in the denominator of the first term and sec in the 
numerator of the second term; hence we can cancel sec against each other 

m - m/,s.e^ x i&ec 

This leaves js with: m « m 

The dimensional check is considered successful if both sides of the 
unit pquation Vam cue lo be the same. 

^ To do a unit chgck on v = 2ad, use m/sec for v (which gives you 
m /sec^ fo.^ r-^) ^ m/ sec for £, and m for 



Please tcy to run through it before you proceed* Then return to 
page 12^ and select the "yes'* answer « 



44 



YOUR ANSWER D 



Not right I You ^ re not taking the time to analyze the equation in 
terms of the product or ratio Idea, We have er ized this before: if 
in doubt, transpose terms until the constant fa l is on one side of the 
equation by itself* Then see whether there is a constant ratio or a constant 
product , 

In this example, the is constant (the same lamp is moved closer 
to or farther from the screen) « To get B alone on one side, the d^ must be 
transposed. Multiplying both sides by d^ gives us; 

I X d2 = Bx ^ 
So Id^ = B. 

\'^at condition does this indicate? Is there a constant product or 
a constant ratio? You now have all the clues. 



the 



Please return 
conditions « 



to page 37 



and select another answer which fits all 
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YOUR ANSWER C 



This answer has a reasonable ring; it is of the correct order of 
magnitude:. Nevertheless, it is off. 



You did not use the 2 under the radicals That is , v = /2ad. 



So, please return to page 60 » Rework the problem and then choose 
the tight answer. 
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YOUR ANSWER A 



No. Go back and review your notes on proportions • You seem to 
have forgotten the common sense behind these mathematical symbols. If 
a factor on one side of the equation d = kt^ should increase, the factor 
on the other side will have to increase also. Such a relation is a direct 
proportion. Changes are in the same direction . 



Please return to page 101 and select the alternative answer. 
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YOOR ANSWER B 



You are correct* The basic expression, a = v/t, should first be 

solved for the unknown, v_, to obtain: v = at. Upon subsititition, we find 
that : 

2 

V = 9,80 m/sec x 2 sec 19,6 m/sec 

Using the same reasoning and remembering that the acceleration of a 
freely falling body near the Earth's surface is approximately 9,80 m/sec^, 
work out the following problem. 

How long would it take a freely falling body near the Earth's surface 
to acquire a velocity of 78«4 m/sec? 

Work out the answer in these steps: (1) solve the literal equation 
a = v/t for _t as the unknown; (2) substitute the known numbers and units; 
(3) express the answer with the correct units. Write it all out; then 
check it against our solution. 



Please turn to page 124 « 



48 



YOUR ANSWER A 



The answer is incorrect. 



You did not square the time as called for in d = %at . 



Please return to page 139. Rework the problem and then select the 
best answer. 



ERIC 
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YOUR ANSWER C 



You ^11 have to be more careful in deciding which term is to be the 
constant of proportionality* 



In this case, TT is the constant because it is an invariant number 
having the value 3.14o On the other hand, the radius is a variable whose 
value you can change at will; of course, when the radius is changed, the area 
must also change o 

In changing an equation into a proportionality, you must remember 
that the variables (like radius and area) are not altered in any way» 
All you need do is to recognize that you can substitute k for the one factor 
chat is constant o 



Please return to page 77 and select another answer • 
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YOUR ANSWER C 



No, your units are incorrect* The foot is a unit of distance, not 
acceleration. You may have come out with this answer because you handled th 
units improperly vhile substituting in the equation. 

The right way to do this is shown below: 
a = — = ft/sec 
t 3 sec 

In this expression, the seconds in the denominator do not cancel the 
seconds in the numerator as you may have thought. If you find difficulty 
in handling units in fractional form as above, then simplify the ^expression 
by the usual process of converting the division to multiplication by the 
reciprocal of the denominator c That is, the reciprocal of 3 sec is 1/3 sec. 
This gives the folloving: 

a = 24^ X 

sec 3 sec 

So you can see that the "sec'* units do not cancel out. 



Please return to pagec^llO; pick the ansver that takes these units 
into account properly. 
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YOUR ANSWER - C 



You apparently do not recognize the proportionality present in this 
expression because it is stated in a form that is different from the ones 
we have used before o 

Take the first two terms only; ^i^i ^2^2" Let's see what this means 

It states simply that the product 1]^R]^ is equal to the same number as 
the product l2^2' Saying this another way, as the quantity R (whatever it 
may he) changes frorri a value R, to R2, the quantity I (whatever it may 
symbolize) changes from to I2 in such a_ way as to keep the product the same 
That is, as variations in R cause corresponding variations in I, the product 
of the corresponding pairs always gives the same answero In other words, 
the product of I^ and R i£ a constant . 

Refresh your memory by going back to your notes • Does a constant 
product indicate a proportionality at all? If it does, what kind of 
proportion is indicated?- 



Please return to page 71 and select another answer. 
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YOUR ANSWER — A 



You a.te con act.. That is, 

^ X W = i >0 cm X 2o0 cm = 2.0 cm , and 
a a ' 

A^ew ^new x W = 8.0 cm x 2.0 cm = 16.0 cm^ 

Since 16,0 cm is 8 times as large as 2c 0 cm , the area does increase 
by a factoi of 8. 

We can make this a more general statement in this fashion: Two 
quantities are in direct proportion if multiplying or dividing one of them 
by any factor causes the other to be similarly multiplied or divided by 
the same, factor _a. 

Refer to Figure 1 on page 4 while investigating the following 
L'eiationships : 

^ 2,.0 ^ ^ ^ 5o0 Ac 6.0 ^ ^ 

Y irr: 2,0 cm ^ - -z—^ = 2o0 cm 7-^ = -t-tt = 2.0 cm 

loO 2,3 3.0 

Note that each ratio gives the sanie answer « This happens only when 
the tV70 quantities are directly proportional to each other. Thus, in the 
rutuce we will know that two quantities are directly proportional if which 
of the. follov/ing is true? 

A Their product is a constant* 
B Their xario is a constants 
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YOUR ANSWER A 



No, that^s not true. 



Why isn't it? Well, we can start by realizing that if V = d/t and 
the same v* = v/Z, then we ought to be able to set the two right-hand members 
equal to each other because things equal to the same thing are equal to each 
other « Thus: 

d_ V 
t " 2 

This much is certainly correct* Now, in the expression you chose as 
the valid one, the equality above is solved for d^ as the unknown. 

To get d[ alone on the left side of the equation, the t_ must be 
eliminated from that side. We can do this by multiplying both sides of the 
equation by t^. Try this for yourself . You will find that you do not get 
d - 2vt as a result of this operation. What do you get? This is the answer 
to the original question, of coursec 



Please return to page 120 and select another answer. 
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YOUR ANSWER B 



You are doing something wrong. Try it once more, using the units 
m/sec for v_ so that the units for are m^/sec^; use m/sec^ for a., and m 
for de 



Then return to page 127 and select the 'V^s" answer. This will carry 
you to the page where the dimensional check is worked out and you can compare 
it with yours. 



ERIC 
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CORRECT ANSWER: No, of course not J There are tall men with thin necks 
and short men with thick ones. There is no systematic variation of neck 
size with height: nobody can derive an equation to relate these; hence 
there can be no proportionality* 

However, when an equation relates two quantities, there must be some 
kind of proportionality between them because changing one must inevitably 
result in a perfectly predictable change in the other. 



Now please return to page 37 and make another choice. 
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YOUR ANSWER B 



That's not correct. You did not square the time. Remember, the 
equation is: 

2 

d = ^ 



2 

Since the time of fall is 5 sec, then you must substitute 25 sec 

for t^. 



Please return to page 149 after recalculating the distance; then 
select a better answer. 



ERIC 
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YOUR ANSWER C 



This answer group is not entirely correct. 



At this point we feel we should not tell you the source of your error* 
We'd prefer that you rework the problem, paying careful attention to all 
detailSo 



Please return to page 39 o Do the problem again and select the right 

answer « 
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YOUR ANSWER A 



f/m = k pv == k 

The first of these expressions states that the ratio of f to m Is 
a constant c In other words, whatever value we give to variable in, then 
f will change in such a way as to keep the ratio f/m a constant. Thus if 
we double m, f will have to double also to maintain a constant quotient; 
if we triple m, f will have to triple; and so on. This has all the earmarks 
of what: kind of proportion? Right! It's a direct proportion. 

Now we'll look at pv == k. Here, the product of two variables (p and 
v) is constant o This means that if we double v, then £ will have to be 
halv^,d if the product is to remain unchanged. Double one, halve the other; 
ttiple one^ divide the other by three; quadruple one, divide the other by 
four, etc. One goes up, the other goes down in the same proportion. 
What is this? An inverse proportion, of course. 

So V7e see that Group 1 contains a direct proportion and an inverse 
proportion; hence the answer you chose cannot be correct* 



Please return to page 146 and f/elect another answer. 




YOUR ANSWER B 



You've made a rather common error. In squaring 3, you got 6» Is 
6 the square of 3? No, it isn't. 



Please return to page 33 and select another answer. 
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CORRECT SOLUTION: 



Given Fin d Eq uatio n 

V = 96.0 ft/sec ^ d . • a =^ — 

a =^ g 52.0 fc/sec*" 2a 



Substitutions 

^ (96.0 ft/sec)^ ^ 9216 ft^/sec^ = ft 
2 X 32,0 ft/sec^ 64 ft/sec^. — ' 



Conside.' *:his problem; a stationary balloon at an altitude of 
-.00 X iO^ It drops a bomb. Assume no air resistance.. With what velocity 
wili The bomb strike the Earth? 

You will notice immediately that time is not given- This means that 
since we know a =^ g = 32^0 ft/sec^ and we know that altitude = distance = 
I. -00 X loA ft, we shall want to use the equation that relates v, d , an d a. 
Since we want to find v, we shall then substitute directly in v = y/2ad c 



Set up the problem in the approved format and solve it« Note, too, 
■::h^.t. we have expressed the altitude of the balloon in scientific notation 
m order: to let you know that the quantity is correct to three significant 
figi^ires. Select the answer below that corresponds to yours « 

A The impact velocity of the bomb will be 640,000 ft/sec» 
B The impact velocity. of the bomb will be 800 ft/sec. 
C The imp£«ct velocity of the bomb will be 566 ft/sec* 
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YOUR ANSWER A 



Sorry I You must have this relation turned around. What you are 
saying here is that the velocity acquired by a uniformly accelerating body 
starting from rest is directly proportional to the square of the distance. 

We have seen that v when const^int acceleration, 2a, is a 

constant replaceable by k. This means that: 

V = k \/d or ^ = k 
v/d 

So V is directly proportional to the square root of d^. This means 
that if d_ is multiplied by a factor of 6, then v will be multiplied by a 
factor of \f^^ 



Please return co page 122 and select a better answer. 
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YOUR ANSWER A 

You're working coo fasn. Take it easy I 

The substitution looks like this: 

d = vt/2 to start with. 

Then, d = (at)t/2 when we substitute at^ for v^. 

The numerator contains two time symbols to be multiplied together* 
Now look aL the answer you chose. You see that it has omitted one of the 
"t's"; hence it must be incorrect. 



Please turn to page 141 and select the other answer. 
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This page has been inserted to maintain continuity of text. It is 
not intended to convey lesson information. 



ERIC 
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YOUR ANSWER — - C 



Sorryl You have forgotten an important characteristic of uniform 
acceleration in graphical representations. A curved-line graph of the v~t 
form such as Graph 3 in Figure 4 on page 18 does not 'show uniform acceleration. 
That is, the body is not picking up the same amount of speed during each 
equal interval of time. 

If it were> what shape would the curve have? 



Please return to page 18 and look over the other curves carefully 
before making another choice. 
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YOUR ANSWER B 



You are confusing the actual area of the new rectangle with the ratio 
of the new to original area. 



The original length was 1.0 cm and, with a width of 2.0 cm, the original 
area is 2.0 cm^. That is, 

== X W = 2.0 cm x 2.0 cm = 2.0 cm^ 

Now, if we increase the length by a factor of 8, the new length is 
8 cm and we have: 

^ew ~ ^new ^ ^ cmx 2.0 cm= 16.0 cm^ 

2 

So the new area is 16 cm , and this is probably the reason you chose 
the answer rbove. But the question was, "How many times as large as the 
original area would the new area be?" 

How many times as large as 2.0 cm is 16.0 cm ? This is the way to 
think out this answer. 



Please return to page 4 and select the correct answer. 
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YOUR MSWER — G 



YouWe forgotten how to recognize a direct proportion. 



Get k alone on one side of the equation by transposing. To do this 
here, transpose _t^ to the other side where it goes into the denominator. 
Thus ; 




This shows that d_ and t__ are in constant ratio , not constant product 
lienxe, the implied proportionality is not inverse. Notice what happens 
to d if c is increased. 



Please return to page 164« You should have no trouble selecting 
the correct answer now. 
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YOUR ANSWER C 



You are correct,* The fifth second 
of second number A and the end of second number 5. 

0 1 sec 2 sec 3 sec 4 sec 5 sec 6 sec 

1 J 1 « , 1 I ^ 1 i , 1 I , i i , i 

first second third fourth fifth sixth 

sec sec sec sec sec sec 



All right. Find the distance fallen by a stone dropped from the 
top of the 550^ft building during its fifth second of fall. Work this out 
on scrap paper. Check it carefully. 



Then turn to page 88 and compare your answer with ours. 
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YOUR ANSWER B 



You are correct e At the top of the rise path, the ball comes to a 
full stop so that its final velocity, is zero* (If we think of the fall 

path at all, we would then consider V2 as the initial velocity for this 
action. Of course, we would then treat the falling ball as a body starting 
from rest since ^2 

You should see now that the rise of an object thrown straight upward 
is a morion that strongly resembles that of an automobile being braked to a 
stop. The deceleration (or negative acceleration) is unifor:.^ and is assigned 
a -i'-) sign; the ubject is slowing down so that /iv is also (-) . 

All righto Suppose you gave the ball an initial velocity of 96.0 
fr./sec as you rhiew it- Remembering that a == g - 32cO ft/sec^, you could 
aov; calculate the time required for the ball to reach the highest point in 
its ascent o 



Using the relation a = /iv/At, x^7hich one of the following presents the 
r ac t s cor rect ly ? 

96..0 ft/sec 



A t 



32.0 ft/sec2 



t = ~96oQ fc/sec 
-32.0 ft/sec2 



ERLC 
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YOUR ANSWER C 



You filled in the words velocity and time. 



We already have an equation that relates acceleration, velocity, and 
time, don^t we? The relationship is: 

a v/t 

So this isn^t It. 



Please return to page 172 ^ Find the right answer o 



YOUR ANSWER — - A 



You are cotiezt, Using D = M/V, we have: 

D - - 0.48 g/cm^- 

200 cm^^ 

So we see that when the voIuTne is doubied , mass remaining the same, 
the density deci eases to half its fonner value . This is exactly what we 
mean by an iave:s£ proportion. 



NOTEBOOK ENTRY 



Lesson 6^ 

Item 2) 

(c) Two quantities axe inversely proportional to each other if multiplying ! 
one of them by a given factor causes the other to be divided by the 1 
same factor, or vice versa, j 

i 

(d) Two quantities are inversely proportional if their product is a \ 
constant o ! 



Item (d) is easily proved for our rubber block example. If M is held 
constant, we may substitute the proportionality constant, for masso 
Thus; D - k/V u Multiplying both sides of the equation by V, we obtain 
DV = k. Thus, the product of the two variables is a constant. 

Tesr.xng with the numbers; 

D.V. ^- 0.96 g/cm' x iOO cm^ *•= 96.0 g 

DjVj =^ 0.48 g/cm^ x 200 cm^ ^ 96cO g 

Make ::his part of your mental stock in trade- If 2 variables have 
a constant icat.io they are directly proportional; if they have a constant 
produce y they are inversely proper tionalo 



Please go cn. to page 71 o 
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In the study of electricity, you will meet something like the following 
ll^l = 12^2 ^3^3 • " ' ' Does this expression indicate a proportion 

ality? Choose one of the avAswers beloWo 

(7) 

A I and R are directly proportionalo 

B I and R are inversely proportional <> 

C I and R are not proportional at all* 

D I don't know what it indicates « 
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YOUR ANSWER D 



Although this equation does contain distance and timta terms, the term 
for acceleration is missing; hence you need something more or a different 
equation. 



In selecting a relation that will answer a specific question or solve 
a specific problem, you must be sure that the equation contains not only 
terms that fit the quantities given, but also a term containing the unknown.. 



Please return to page 114 and choose a better answer. 
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YOUR ANSWER A 



What happened to the square-root relationship? 



You answered this question as though v were directly proportional 
to d (if a is constant). This is not true. 

You know that v is directly proportional to the square root of d. 
Make use of this fact in arriving at your answer. 



Please return to page 173 • Be sure you know why you must select the 
other answer. 



YOUR ANSWER B 



You're ignoring the fact that the velocity acquired by a uniformly 
accelerating body starting from rest is directly proportional to the square 
root of the distance that the body travels ^ 



Your answer would be right if v == kd. But it doesn't I 

You know that v - k \/d or, in ratio form, v/ v/d" = k« Thus, the 
acquired velocity is directly proportional to the square root of the distance. 
So Lf d is multiplied by a factor of 6, then v will be multiplied by a factor 

of »/6* 



Please return to page 122, You should be able to recognize the right 
answer now. 
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YOUR ANSWER B 



That's not rights Earlier in this lesson we emphasized and re- 
emphasized that two quantities are proportional to each other if they are 
related by a constant as in d = kt^<, 

o 

Furthermore, if a series of corresponding values for d_ and jt^ are 
substituted for the symbols in the equation, either their ratio or their 
product will come out as a constant number, depending on the kind of 
proportion represented by the equation c 

In this case, when the equation is solved for _k, that is, 




we see that it predicts a constant ratio . Thus, a proportion must exist 
between d and t2. 



Please return to page 148 and select the other answer. 
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YOUR ANSWER C 



You are correct c You recognized from B = kA that B is directly 
proportional to A and that in this situation whatever is done to A must also 
be done to Be 



The principle of proportionality is nicely applicable to the simple 
equations of motion we have studied o For example, consider a body moving 
with cons tant speed y d ^ vto To make this equation conform with the ideas 
we have just discussed, we can substitute k_ in place of v since the speed 
is specified as constant » 

d kt 

In words, this expression should sound like this: **The distance 
covered by a body moving with constant speed is directly proportional to the 
time of the trip^*' Here, v is the constant c*:. proportionality* So if you 
double the time, the distance traveled will double; if you quadruple the time, 
the distance will quadruple o 

In the same way, if you want to drive farther in a given length of time, 
you will have to drive f aster « That is, if time is held constant, 

d kv 

If in normal driving you can make 99 miles in three hours, your average 
speed is 33 miles per hour^ If you wish to make 150 miles in the same time, 
you will have to average 50 m. po h. To make 300 miles in three hours, you 
have to average 100 mc po h. Better flyl 



.Please go on to page 77o 
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Going a little further, we next consider how to handle proportion- 
alities of vhe second degre e . We term an expression like d = vt an equation 
of the. first degree because it has no square or square root signs in it. 
But the area of a circle is a second degree equation; 

A = lit^ (TT = 3ol4) 

Now, 7f is an invariant number; it never changes its value. Thus, 
which of the following correctly converts the equation for the area of a 
circle into a proportionality? 



(A) 






A 


A 


- kr 


B 


A 


.kr2 


C 


A 





YOUR ANSWER B 



You aie corrects The solution follows: 

Find Equation 



final velocity v =» \/2ad 

(v) 

Substitutions 

V /Fx"32.0 ftTsec'^ X lO^'^Ft ^ \/6hoO x 10'^"Tt^7sec^ = 8^00 x 10^ ft/sec 

« 800 ft/sec. 



Before testing you on this lesson, we want to run through some of 
/:he picportionalities implicit in the three equations: 

(I) a - v/t (2) d = hdit^ (3) V = /2ad 

One of the statements below is incorrect o Pick it out by 5ii/ec'frv^^ 
^; he indicated letter. (All of these assume zero initial velocity and uniform 

eel ex at ion. J 

A li acceleltation is constant, then distance is directly proportional 
to the square of the timeo 

B If the time of travel for several bodies is constant, then the 
final velocity of a body is directly proportional to the 
acceleration o 

C If acceleration is constant, then the final velocity of a body 
is directly proportional to the distance the body travels « 

D If the time of travel fur several bodies is held constant, then 
the distance covered is directly proportional to the acceleration^ 



Given 

d - .0^ ft 
a =^ g - 32 ,0 f t:/ sec 
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TOUR ANSWER —-A 



This ansx/ei group is not entirely correct c 



Rather than tell you wher i your error or errors are, weM prefer 
that you go back and rework the problem, giving careful attention to all 
detailSc 



Please return to page 39. After solving the problem again, you 
shoiiiid be able to choose the right answer o 
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YOUR ANSWER C 

You have not selected the simplest possible forme You saw that, for 
rhis case, reduces no just plain t^, so you substituted t^ for ^t in the 

original relacion. 

But a similar thing happens tc the Av term, doesn't it? 

.^v = V - 0 where v is the final velocity 
Why, then, did you leave the numerator /iv instead of simplifying it? 

Please teturn to page 150 ^ You can find a form simpler than 



CORRECT SOLUTION: 

(I) a =- v/t; zh.us v = at, 

(?) V = 32 ft/sec"^ X A sec = 128 ft/sec* 



NOTEBOOK ENTRY 



Lesson 6 



Item 3;a^ 



(}.} In mks units, the acceleration produced by the force of gravity 
neax the suiface of the Earth is approximately 9-80 m/sec/sec 

(s7iribcii?-ed by g) . 

(2) In English units > the acceleration produced by the force of 

gravity near the surface of the Earth is approximately 32 ft/sec/sec 
(symbolized by g) c 



i 



Before continuing > please turn to page 178 in the blue appendix* 



Notebook Check 

Refer to noteboo k entry 1, Lessoi.. 6_. 

Which tvo items in this entry present relationships in which average 
speed is specifically mentioned? Write the two relationships on a piece of 
scrap paper . DON'T PENALIZE YOURSELF BY GUESSING AT THESE. CHECK YOUR 
NOTEBOOK. Select the correct choice of the two items as identified by 
their, sub-item letters below. 

(M) 

A, Items (a) and (b) . 

B Items (b) and (c) . 

C Items id) and (e), 

D Items (a) and (e)o 

ERLC 
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YOUR AiNiSWER B 



You are correct. If both sides of the equation are divided by _c_, we 
get d/t^ = k. Thus, the quantities d^ and _t^ are in constant ratio, signifying 
a direct proportion between them. 



Going further, if the distance covered by a uniformly accelerating 
body starting from rest is directly proportional to the square of its 
travelling time, then we should be able to make some predictions about distances 
covered in real life situations. 

Suppose that we have a slightly inclined trough down which a marble, 
starting from rest anyw^ :e along its length, will roll with .gradually 
increasing speed. The ough is marked at 3 inches from the bottorn, and at 
12 inches from the bottom. We can adjust the angle of the trough so that 
when the marble is placed at the 3-inch mark, it requires 1 second to reach 
the bottom. At this angle, how many seconds do you think the marble would 
require to reach the bottom from the 12-inch mark? 

2 seconds 

3 seconds 

4 seconds 



Select what you think would be the best answer and then turn to page 

109. 
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YOUR ANSWER -™ A 



How would this insure its validity? If the problem is a new one, we 
don't know what the answer should be, so how can we tall if the equation is 
correct? We might test the new equation on an old proWem whose answer 
we already know if we happen to have such a problem handy. Then if the 
new answer agrees with the old one, we are pretty certain that the new 
equation is correct. 

There is a much more satisfying way to do this without the need of 
testing it on a new problem« Try to remember how we did this before. 



Please return to page 10 and choose a better aaawero 
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YOUR ANSWER C 



Somehow, you inverted the definition of densityc 

The equation is: D = M/V where M = mass in grams and V = volume in 
cubic centimeters. In this example, the volume is a larger quantity than the 
mass (numerically); hence the density D must turn out to be less than unity^ 
Your answer is larger than 1; consequently you must have divided volume by 
mass instead of doing it correctly the other way around. 



Please return to page 168 and choose a better answer. 
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YOUR ANSWER • C 



This answer is a real boner! 



You wane ro determine the distance , d_e The expression v = v/2 
contains no distance term, nor does it contain a time term, nor does 
it contain an acceleration terml In other words, it contp.ins not^^ing that 
will help you 

In selectiP'^ a relation that will answer a question or solve a 
pxubleiii^ you must be sure this relation contains not only terms that fit 
Khe qu.';ncicies given, but also a term containing the quantity you are to 



Please return to page 114 and find the equation you really can use. 
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YOUR ANSWER B 



You are correct. The expression k = d/t"^ tells you that the quantities 
d_ and are in constant rattOe Any quantities in constant ratio are directly 
proportional to each other* 



Our original dilerrrma was that we obtained the following experimental 

data: 

Trip length (d) Time (t) 

3 inches 1 second 

12 inches 2 seconds 

and we had to use this to find out whether or not these figures proved that 
distance is directly proportional to the square of the time. 

The method that works out best in most cases is to substitute pairs 
of corresponding values in the ratio d/t^ and see whether you obtain the 
same number for each ratio* Let's do it* 

First: d . _ 1 _ . 

Second: d. 12 !•> ^ 
12 = -(2y2 = - ^ = 3 

Is this proof enough? You may now return to tire original question; 
you should able to handle it. 



Please return to page 109 and select the correct answer. 
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YOUR /^oWER A 



Think carefully^ The body starts from rest at the top of the buildi 
This is the zero-distance point of reference. Then when you apply d = ^at^ 
you decerTTicnG the distance downward that the stone has dropped from this 
zero reference point. Thus, application of d = ^at^ to this problem or to 
any problem involving simple free-fall, provides a figure that states the 
distance the body has dropped below the original zero-distance. 

New, if you subtract this from the height, of the building, you no 
longer have the distance fall.^.n, but rather the distance that is still left 
to fall. 



Please return to pag ^ 97 and choose the alternative answer o 
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CORRECT SOLUTION: 



For t 



= 4 sec, d 



2 



256 fto 



For t: 



= 5 sec, d 



32 ft/^ec-^ X 25 j&e^ 
2 



AGO fto 



Distance fallen during fifch second = 400 ft - 256 ft = 144 f^t, 
(Note: Building height has no effect on solution, unless you want to find 
the distance fallen during the sixth second ») 



For a variation in problem type, we present the one below* This 
will give you practice in literal transformation of equations as well as some 
work in mks units o 

A balloon, hovering motionless at a height of 7e84 km drops a 
floursack marker which falls to Eartho Assuming zero air friction and 
uniform acceleration, how long does it take the sack to make impact? 

Clearly, since we know a = g = 9.8 m/sec and d = 7,84 km or 7,840 m, 
we shall be using the relation below to solve this problem. 




But for what unknown should this equation be solved in its literal 
form before substitutions are made? 



Decide on your answer; then turn to page 161 ^.o verify/ it* 
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YOUR ANSWER D 



All right. We^ll have to *'dig" into the substance of this a bit deeper. 



Referring to the expression I][R][ = ^2^2 > ^^i^^ of ^^^^ following 
statements is true? 



(8) 

A times equals times R2« 

B Ij divided by Rj^ equals I2 divided by R2 . 
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YOUR ANSWER C 



Not right I Is your notebook in good order? 



Go on to page 31 and make the entry now. 



ERIC 
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YOUR ANSWER — - A 



Remember what the conditions are^ We are considering the rise path 
only . You stand on the ground and throw the bal L upward with a velocity of 
Vj o When the ball reaches the highest point of its ascent and is just ready 
to start falling downward, it has the velocity V2. 

On this basis, the answer you selected contradicts the facts, doesn*t 

it? 



Please return to page 23 and select a better answer. 
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f 

This page has been inserted to maintain continuity of text. It is 
not intended to convey lesson information. 



ERIC 
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This page has been inserted to maintain continuit:y of text^ It is 
not intended to convey lesson information. 
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YOUR ANSWER A 



Incorrect. You're not following instructions. 



The area of a circle is directly proportional to the square of the 
radius, or A = kr^. You tripled r but then forgot to square it. 

The expression should read; A = k(3r)^. \*Jhat do you get when you 
square 3r? You don't get 3r2 as this answer says. 



Please return to page 53 and select another answer. 
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You have now completed the study portion of Lesson 6 and your Study 
Guide Computer Card and AV Computer Card should be properly punched in 
accordance with your performance in this Lesson. 

You should now. proceed to complete your homework reading and problem 
assignment. The problem solutions must be clearly written out on 8%** x 11** 
ruled, white paper, and then submitted with your name, date, and identification 
number. Your instructor will grade your problem work in terms of an objective 
preselected scale on a Problem Evaluation Computer Card and add this result 
to your computer profile. 

You are eligible, for the Post Test for this Lesson only after your 
homework problem solutions have been submitted. You may then request the 
Post Test which is to be answered on a Post Test Computer Card. 

Upon completion of the Post Test, you may prepare for the next Lesson 
by requesting the appropriate 

1. study guide 

2, program Control Matrix 

3. set of computer cards for the lesson 

4, audio tape 

If films or other visral aids are needed for this lesson, you will 
be so informed when you reach he point where they are required. Requisition 
these aids as you reach them. 



Good Luckl 
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This page has been inserted to maintain continuity of text. It is 
not intended to convey lesson information. 
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YOUR ANSWER — - B 



Not quite, .It might be well for you to draw a picture of the 
situation, second by seconds 



1 sec 


/ 

/ 

. / 


□ 




2 sec 


/ 

\ 
1 
) 






3 seq 


1 


□ 


□ 


4 sec V 


i 






5 sec 


I 
1 


□ 


□ 




■i 


□ 


□ □ 



Figure 6 

If you find the distance fallen in 4 sec and subtract this from the 
height of the building, what are you really determining? 

(32) 

A The distance of the stone from the top of the building after 4 sec. 
B The distance of the stone from the ground after 4 sec. 
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YOUR ANSWER B 



You are correct* The body whose graph of motion is shown In this drawing 
starts from rest because the graph goes through the origin of the axes; its 
acceleration is unif orm^because the graph is a straight line showing equal 
speed increases in equal times* 

Referring to notebook entry 1(e) for this lesson, you see that the 
acceleration of the body in Graph 2 of Figure 4 on page 18 is given by the 
slope of the grapho The slcpe may be written as AvMt, or: 

a Av/At 

For a body starting from rest, we can simplify this somewhat □ Refer 
to ligure 5, 



Velocity 




Time 



Figure 5 

The dotted lines have been drawn in to show the final velocity (v) 
that has been reached after a certain time (t) has passed. The intervals 
Ay and At are also conventionally labeled. You will remember that Av is 
the difference between the velocity at the end of a trip and the velocity at 
the start of the trip. (Av = ^2 ~ ^1*^ since this body starts with an 

initial' velocity of zero, then « 0 and V2 = the final velocity which we 
symbolize by just plain v. Thus, for this case we can say that Av, the 
change of velocity, is v - 0. Now when zero is subtracted from any 
number, what is the result? 

(13) 

A The result is zero. 



B The number is unchanged. 
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YOUR ANSWER B 



This statement is not incorrect « The relationship among t_, v, and 
a. is being questioned in this statement. So we write an equation involving 
these three terms. The equation obviously is: 

a « v/t 

If time is constant, then we have: 

a - v/k 

We want the k_ alone on one side of the expression, so we cross both 
the and the a_ in the usual manner to obtain: 

k « v/a 

J 

Thus, we see that there is a constant ratio, signifying a direct 
proportion; this means that v is directly proportional to a_, or in words, 
that the final velocity is directly proportional to the acceleration if 
various bodies moving with various accelerations are allowed to travel for 
the same leng th of time « 



Please return to page 78 and try to find the incorrect statement • 



^ 



ERIC 



\ 
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YOUR ANSWER A 

• J 



Your error lies in failure to handle the units properly. If you take 
the time to substitute units as well as numbers in the equation, the chances 
of this type of error will be greatly reduced., 

a = ~ = ft/sec 
t 3 sec 

If you find difficulty in handling units in fractional form as above, 
then simplify it by the usual process of converting the division to multipli- 
cation by the reciprocal of the denominator- Thus: 



You should see at once that the denominator con::ains two time units « 
In the answer you chose, the denominator contains only one; hence it cannot 
be correct 0 



Please return to page 110 and select the answer that fits this 
situation besto ' 



J 
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YOUR ANSWER A 



You are correct » Whenever two variables like and t^ are related 
to "^.h other by a constant like k, you may be sure that a proportionality 
exit,c 



The question is, what kind of proportion, direct or inverse, does 
the relation d = kt2 imply? 

Well, let's see. If _t^ is increased, what happens to d_? If the 
equation is solved for k, we then obtain k = d/t^. This shows that there 
is a C0nstant ratio for values of d^ and t^ p But if corresponding values form, 
a constant ratio , then what kind of proportion exists between d[ and t^? 

(27) 

A The implied proportion is inverse. 



B The implied proportion is direct. 
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This page has been inserted to maintain continuity of text • It is 
not intended to convey lesson inf ormationo 
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YOUR ANSWER C 



You handled most of the problem correctly but did not complete the 
final step. You correctly determined the distance that the stone fell at 
the end of 5 sec, but you did not find "out how far from the ground the stone 
would be at this instant. 



Please return to page 149 and, after coirploting the necessary step, 
select the correct answer. 
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YOUR ANSWER C 



You are correcto For the initial circle, A = kr , when the radius is 
tripled, the expression is, A = k(3r)2 or A = 9kr^, and since the second 
expression is 9 times as large as the initial expression, the area must go 
up by a factor of 9. 



Before continuing, please turn to page 176 in the blue appendix. 



You'll be getting lots of additional practice in handling direct 
proportions as we go more depply into physics c You will also encounter 
inverse proportions very of ten^ If you understand the foregoing material 
on direct proportions, the inverse proportion should not cause any trouble 
whatever. 

To help you recall the significance of an inverse proportion, we'll 
introduce a concept in physics that makes use of it. 



Please turn to page 105 to continue. 
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The density of a substance is defined as its mass per unit volume , 
Cork is less dense than lead because a 1 kg mass of^ cork has a much larger 
voluir '^an a 1 kg mass of lead* In symbols we can write: 




where D = density, M = mass, and V « volume* For convenience, we'll 
measure the mass in grams \g) , the volume in cubic centimeters (cm^) , 
and the density in g/cm^ or grams per cubic centimeter. 



V2'* 200 cm^ 




Solid Rubber Mass Foam Rubber Mass 

96 g 96 g 

Figure 3 

Referring to Figure 3. we see at the left a mass of solid rubber of 
96 g with a volume of 100 cm^* Using the equation, what is the density (D) 
of the solid rubber? 



Write the solution; then turn to page 168. 
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YOUR ANSWER B 



This isn't a good way to do It. 



If we committed an error in the original derivation, chances are that 
we would make the same mistake as we worked the derivation backwards • 
Furthermore, this is a difficult process in many cases and consumes much 
more time than it's worthy 

There is a much better way to do this. Try to remember what it iSo 



Please return to page 10 and find the right answer. 



i 
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This page has been inserted to maintain continuity of text. It is 
not intended to convey lesson information. 



ERIC 
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YOUR ANSWER B 



No, that's not right, 



It is common symbol notation to omit the "times" sign and merely 
place one symbol after the other. For example: 

a X b may be written as ab. 
3x5 may be written as (3) (5). 

2 3 9 
X n may be written as m^n-- . 

When two quantities are to be divided , however, we always use either 
a fraction bar or a diagonal slash bar* To show 1^ divided by Rj^ , we could 
write it in either of these two ways: 

(fraction bar) 

I; ■ ' 

Ij/Rj (diagonal slash bar) - 
Thus, ^1^1 does not signify division, nor does ^2^2' 



Please return to page 89 and Sfilect the correct answer. 
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CORRECT ANSWER: The time for the 12-inch trip would be closest to 2 second 



When this experiment is performed with very precise timing equipment 
it is found that the 12-inch trip requires, almost exactly 2 seconds if the 
3-inch trip requires 1 second, (There is another factor present which does 
Hot permit the 12-inch trip time to be exactly 2 seconds. Discussion of 
this factor is beyond the scope of this course,) 

Tabulating the data we get: 

Trip length (d) Time (t) 

.1 

3 inches 1 second 

12 inches 2 seconds 

Now the question is, "Were these results predictable from the 
proportion d =. kt^?" 

First, the body started from rest in each trial. Right? 

. Second, the acceleration produced by gravitational force acting on 
the marble may be considered quite uniform for this experiment. 



Therefore, the distance traveled should be directly proportional to 
the square of the time . Is it? 

(25) 

A Yes, 

B No, 

C I don't know. 
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YOUR ANSWER A 



You are correct. For this special case, Av reduces to v^, the final 
velocity; and At reduces to t^, the time required for the Entire trip. 



Since this is the first special equation of motion for the case of 
a body starting from rest and accelerating uniformly, we'll make it the next 
notebook entry* 



NOTEBOOK ENTRY 
Lesson 6^ 

3 c Equations for a_ body starting from rest and accelerating unif ortjly . 

(a) The acceleration is the ratio of the final velocity to the trip 
time or: 

a = v/t 



Until you use an equation to solve a few practical problems, it can 
have little meaning for you. So let's do a few of these, 

A ball started from rest, accelerated uniformly down an inclined 
plane, and attained a velocity of 24 ft/sec in 3 sec of travel time. What 
was its acceleration? 

(15) 

A The ball's acceleration was 8 ft/sec, 
B The ball's acceleration was 8 ft/sec"^. 



C The ball's ac-celeration was 8 ft. 



Ill 
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YOUR ANSWER A 



Your answer indicates that you are handling the proportion as though 
the distance were proportional to the time of travel. That is, you are 
apparently saying that, since 8 sec is an interval that is 4 times as long 
as 2 sec, then the car must travel 4 times as far during the longer interval 
(28 m X 4 =« 112 m) . This reasoning would be all right jjf d = kt. But it 
doesnVtJ We know that d =: kt^. Remember, this car is accelerating all the 
time« 



Please return to page 138 and work out the proportion correctly. 



YOUR ANSWER A 



That's right; the unit check is successful. Here it is: 

"2 —-2 ^ ^ 



sec sec 



2 2 

So -2 = 2 

sec sec"^ 



NOTEBOOK ENTRY 



Lesson 6_ 

(Item 3) 

(c) When a body starts from rest and accelerates uniformly, the 
distance it covers may also be found from the relation: 




If this equation is solved for v, it is extremely useful for 
determining the final velocity of a body dropped from a given 
height near the Earth's surface., 

V « /2ad 



Some time back we solved a problem in which a ball was projected 
vertically upward with an initial velocity of 96.0 ft/sec. We did this 
in two steps, remember? We found the time required for the ball to reach 
maximum height; then we determined the actual height to which it had risen 
at the top of its ascent o The maximum height turned out to be 144 ft* . 
Now we can do the same problem using d = v2/2a in a single step instead of 
in two separate oheSo 

Run through this problem now using our new equation. The ball is 
treated as a falling object o If you do it right , your answer will be 
144 ft. 



Please turn to page 60 and check our solution against yours. 
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YOUR ANSWER B 



No, that's not" right. Group 2 consists of these expressions: 

vt = k p =x k/V 

We'll let you decide for yourself what type of proportion is implied 
in vt . = k. 

In the case of P = k/V, youM be able to recognize it more easily if 
you transposed the V to the left side. Most people do this by multiplying 
both sides of the equation by V. When you do this, you get PV = k. You 
should be able to recognize what type of proportion this is. 



Please return to page 146 and select another answer. 
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YOUR ANSWER A 



You are correct. The ''see in the numerator cancel out, leaving 
m = m/2, but since 2 is a pure number without units, the unit check resolves 
itself into m = mo Thus, we are satisfied that the equation is correct 
d imensionally p 



■ Students who reach this point in their work sometimes begin to lose 
sight of the important objective of deriving equations. Let's review this* 
For the physicist, an equation of symbols is merely a shorthand way of 
describing some phenomenon, principle, or event in the real world. Unlike 
the mathematician > the physicist doe5s not view symbols as ends in themselves; 
each symbol has a physical meaning, and the equation is useless if it cannot 
be translated into things or happenings in the world in which we live» 

Suppose you knew that your automobile was rated by the manufacturer 
as being capable of accelerating at the rate of 10 ft/sec^ from a stop. 
Suppose further that you were curious to know how far you could go (from a 
stop) if you allowed the car to accelerate for 4 seconds. We have derived 
and checked the relation d = ^at o We also have the equations a = v/t, 

= d/t, and \r = v/2 for motion starting from rest and accelerating uniformly. 
Which one of the following equations contains all the terms needed to solve 
the car problem? 

(21) 

A . d = hsii:'^ 

B a = v/t 

C V « v/2 



D V » d/t 



U5 



\OUR ANSWER C 



You are corrects If d_ is multiplied by 6, then v will be multiplied 
by v'S, Since the square root of 6 = 2,45, then v will increase by this factor. 



Many students begin to develop the feeling at about this point that - 
physics is nothing more than ^'disguised" mathematics • Actually, this is 
not at all trueo It happens that fundamental concepts and und er s t and i ng s 
are based upon descriptive or verbal logic. Nevertheless, we like to 
express these quantitatively as possible in mathematical terms because the 
process is less time-consuming and certainly more exact and rigorous. 
A certain word may have more than one meaning, each of which may be vague 
or ambiguous; a mathematical symbol, once defined, can mean only one thing . 
You should always view mathematics as the language of science, not the 
science itself* 



Please turn to page 180 in the blue appendix* 
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YOUR ANSWER — D 



You jumped to conclusions without giving enough attention to the 
facts depicted-by Graph 4 of Figure 4 on page 18, 

This is a distance-time curveo It is a straight-line graph, so it 
shows that the body is covering equal distances in equal times. But what 
must be true of the speed of a body that covers equal distances in equal 
times? It must be moving with constant speed. But if the body moves with 
constant speed, what is its acceleration? Zerol 

This means that a body that accelerates at all could not give a 
straight-line d-t curve. It's really important to keep clear in your mind 
the difference between' a v-t curve and a d-t curvec 



Please return to page 18 a . .-^S^e,lec.tv the correct graph this time. 
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YOUR ANSWER C 



You are correct o Simple cross-multiplications and transposition of 
terms gives us this expression by means of which we can now obtain the time 
required for the flour sack to fall to Earth. 



Tha altitude of the balloon is 7.84 km; a « g = 9.8 m/sec^. 

To keep our units consistent, what change must be made in one of 
these quantities? Well, we could change the units of ^ to km/sec^ if we 
wished but a better idea would be to change 7.84 km to meters. 

Now work out the problem and obtain the answer. How long does it 
take the flour sack to fall to Earth? 



Keep your answer handy as you turn to page 22 to check your result 
against ourSo 
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•This page has been inserted to maintain continuity of text. It is 
not intended to convey lesson information. 



ERIC 
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This page has been inserted to maintain continuity of text. It is 
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120 
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You are correct. The relationships given in these items are: 

(b) V - d/t or average speed equals distance over time. 

This is applicable to any type of motion, 
^ including that of a body starting from rest 
and accelerating uniformly. 

(c) V = v/2 or the average speed of a body that starts 

from rest and accelerates uniformly is equal 
to its final velocity divided by 2. 

Since both of these equations are valid for a body starting from 
rest with uniform acceleration, then the v factor must mean exactly the 
same thing in both relationships* These equivalent equations will help 
us derive a new and very useful expression which relates acceleration, time, 
and the distance covered. 



Things equal to the same thing are equal to each other. Using this 
axiom and the equations, select the only valid expression from those below: 



(18) 




A 


d = 2vt 


B 


V = dt/2 


C 


2d = v/t 


D 


,d = vt/2 
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YOUR ANSWER A 



The kind of expression shown above may be new to you, but you can 
interpret it properly if you follow through a few logical steps. 



Consider the first two terms only: Ij^R^ = I2R2. What does this mean? 

It states simply that the product l^K^ is equal to the same number 
as the product l2R2* Saying this another way, as the quantity R (whatever 
it may be) changes from a value R^^ to a value R2, then the quantity I (what- 
ever it_ may be) changes from to I2 in such a way as to^ keep the product 
the same . That is, as variations in R cause corresponding variations in I, 
the product of the corresponding pairs always gives the same answer. In 
other words , the product of I^ and R is a constant . 

Refresh your memory by looking at your notes. Does a constant product 
indicate a proportionality at all? If it does, what kind of proportion is 
indicated? 



Now please return to page 71 and see if the answer you. want is 
among those given. 
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You are correct. To find the factor by which increases, you must 
take the square root of the factor by which increases. So, if is 
multiplied by 25, then v will be multiplied by /25 = 5. 

Suppose you solidify this concept by answering a question about case 
D of Figure 8 on page 144, The distance through which the ball falls in 
this case is 6 units • In short, the distance has now been increased by 
a factor of 6 as compared with that of case, A* 



How many times as large as it was initially (in case A) will v now bi 
(44) 

A 36 times as greats 
B 6 times as great, 
C 2.45 times as great. 
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Both answers are not correct. 



We shall not divulge your error to you. We want you to go back and 
rework the problem more carefully, being sure you read exactly what is 
given and what is to be determined. 



Please return to page 39 and follow the instructions. Then select 
a better answer o 



J. 24 



CORRECT SOLUTION: 



(1) Since a = v/t, then t = v/a« 

, 78c4 m/sec 

(2) Substituting: t = ; 2 

C3) 78o4 divided by 9.80 equals 80OO. This is the numerical portion 
of the answer c Next, the units 

should be written in reciprocal form like this: 

m/sec^ 

y 

^ ~3 — = sec 



Thus, the final answer is 80 00 sec . 

The acceleration of a body in free-fall — 9»80 m/sec^ — is an experimen- 
tally determined value 9 It varies from place to place on the Earth^s surface, 
but we take 9«80 as a nice "round" number that is quite close to the actual 
value in the temperate latitudes* It is a handy constant to. remember because 
it crops up in many places* 

It will also be helpful to you to know the value of this gravitational 
acceleration (often symbolized as g rather than a for this special case) in 
ft/secT^ sTnce there are 3o28 ft in one meter, then gravitational acceleration, 
g, in English units is obtained from: g = 9«80 m/sec^ x 3.28 ft/m » 32^2 
ft/sec 0 For problem work, we can round this off to 32 ft/sec^<. 

With what speed will a ball strike the ground if it starts from rest 
and falls freely for 4 sec? Write out the solution in ft/sec and then check 
by turning to page 81c 
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YOUR ANSWER C 

You forgot an important step* 

2 

The required equation is, of course, d = ^at. • 

You substituted correctly but forgot to divide the numerator by 2, 



Do the problem over. Then return to page 34 and select a better answer. 
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You are correct.. Here's the solution: 

Given Find Equation 

Bldg. ht - 550 ft The distance of the stone d = ^^at^ 

a - g ^ 32 ft/sec^ from the ground after 5 
t = 5 sec sec of fall. 

Substitutions 



, ^ 32 ft/sec^ X 25 sec^ 
2 

d =^ 16 ft/:&ec^ X 25,.sec^ 
d ^ 400 ft 

The stone fell 400 ft in 5 sec- The building is 550 ft high, so th( 
distance of stone from ground is 550 ft - 400 f t = 150 ft . 

We sometimes wish to determine how far something falls during one 
particular second s For example y how can we find out how far the stone in 
our problem fell during the fifth second? 

(3i) 

A We already know the distance fallen in 5 sec. Then. find the 
distance fallen in 6 sec and subtract one from the other. 

B Find the distance fallen in 4 sec and subtract this from the 
height of the buildings 



C We already know the distance fallen in 5 sec. Then find the 
distance fallen in 4 sec and subtract one from the other. 
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Yo?u are correct o That^s the way to do it. 



We can write the equation we just derived (d « v^/2a) in two 
alternative forms by transposing terms in the approved manner. Thus: 

d « is equivalent to v^ = 2ad is equivalent to v = /2ad 
a 

It is usually easier to do a unit check on a product type of equation, 
so let^s perform the operation on v^ = 2adp Remember how this is done? 
Use the mks units: m/sec for v> m/sec"^ for a, and m for d. 



Do the check. When the proper units are substituted, do you wind 
up with a dimensionally valid equation? 

(40) 

A Yes. 

B Noo * • 

C I don^t remember how to perform a unit check. 



erJc 
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YOUR ANSWER A 



No, it doesn't. Note that when the timing starts (refer to Figure 4 
on page 18), that is when t = 0 , the body already has a definite' speed. This 
is shown by the fact that the curve intercepts the Y axis at some value 
greater than zero • This means, of course, that the body does not start from 
res to 

You can select the correct curve by thinking out the answer to the 
question, "Where must the curve start to indicate an initial rest condition?'* 



Please return to page 18 and look over the other curves carefully 
before making another choice o 
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YOUR ANSWER — C 



No, that answer is not right. 



Let's see why it isn't. Since things equal to the same thing are 
equal to each other, then 

d V 
t " 2 

because each side of this equation is equal to v. 

So far, so good* In the expression you chose as valid, the equality 
above is presumably solved for 2d. 

In order to get 2d alone on the left, it would be simplest to cross- 
multiply in the usual manner* But if you do this, you obtain: 

2d » vt (not 2d « v/t) 

So the result given above is definitely not a valid one. 



Please return to page 120 and select another answer. 
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YOUR ANSWER- B 

/ 

There's ar. error in your algebra* Let's find it. 



Starting with d = %at , if we want to solve for t_, we shall want this 
factor alone on one side of the equation; it doesn't matter which side. So, 
we'll leave the ^ where it is and start by cross-multiplication. Thus, 
the 2 (a divisor in the first place) may be crossed to the other side and 
become a multiplier of the d^. This gives us: 

2d = at^ 

2 

We want the t__ all alone; hence we will divide both sides of the equation 
by thus obtaining: 




Interchanging right- and left-hand terms, we can write: 




The equation is thus solved for t_, not for t . Now, how can we reduce 
the expression to a solution for t_? 



You should now be able to choose the correct answer. Please 
return to page 161 and make your selection. 
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YOUR ANSWER B 



You are correct. As long as you don't change the width, then the ratio 
of area to length must always come out to be the same number, in this case, 
2.0 cm„ 



ii NOTEBOOK WRY 



i Lesso n 6_ 

I ' - 

Proportions . 

I (a) Two quantities are in direct proportion if multiplying (or 

I dividing) one of them by a given factor causes the other to 

? be multiplied (or divided) by the same factor. 



(b) Two quantities are in direct proportion if their ratio is a 
constants 



Let's express this algebraically. When you see this statement; y/x = k 
in which k = a constant, then you should immediately recognize that 2. is 
direc*:ly proportional to From now on we shall refer to k as a proportion- 
ality constant 0 

Even more often, you will see this little equation written in a 
slightly different form like this ; y = kx 

Make it a point to read out this expression as i£ directly propor - 
tional to x", not as "y equals k times x." 

All right a If B « kA and if the value of A is reduced to 1/3 of 
its initial size, then which one of the following is true? 

(3) 

A The new B will be 3 times as large as the old B. 

B The new B will be equal to the old B, since k will change to a 
new value* 



C The new B will be 1/3 as large as the old B. 
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YOUR ANSWER B 



Please return to page 37 and select a more consistent answer. 
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Somewhere in working through the algebra on this, you inverted your 

terms. 



Starting with d = %at , if we want to solve for t^, we shall want this 
factor all alone on one side of the equation; it doesn't matter which side. 
So, we'll leave the _t^ alone and start with cross-multiplication. Thus, 
the 2 (a divisor in the first place) may be crossed to the other side and 
become a multiplier of the d_. This gives us: 

2d = at^ 

2 ' 
To obtain the t__ alone on the right side, we can divide both sides 

by Thus: 




You see, then, that the d_ is in the numerator and the a_ in the 
denominator 0 That's why we said initially that you had inverted the terms. 



Please return to page 161 and complete this solution. 
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You are correct. For the first set of tabulated data, d/t gives 
3/i ~ 3; for the second set, we get 12/4 = 3. Since the same number is 

obtained, then and t^ are in constant ratio and hence are directly 
proportional » 



The usefulness of thii concept of proportionality may be nicely shown 
by the following practical situation: Let us assume that a special racing 
car can be accelerated uniformly by a powerful engine. Starting from rest, 
the car travels a distance of 28 meters after 2 seconds. Assuming no change 
in the acceleration, how far will it have gone at the end of 8 seconds 
of travel? 

Note that the acceleration has not been stated explicitly. Although 
you have enough facts to find the acceleration if you so desire it, the 
problem can be solved by the use of proportions, without determining the 

acceleration at , all « i 



Work out the problem; then select the one answer below that cor- 
responds with yourso 
I 

(28) 
A 112 meters 
' B 224 meters 
C 448 meters 



J 
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CORRECT ANSWER: Certainly, the time of rise and the time of fall will b 
exactly the same^ Look here: if d^^g^ « ^fall ^^^^ this is true) and 
if 3i^±se ^fall numerically (and this is also true), we can write: 



Using the equation t = 




Time of . rise » ^rise I ^^rise 

J arise 

Time of fall = tr.., « /^^fall 
^^^^ \( afail 

Since d^ise " ^f^U and a^ise af^u, then t^ise = ^fall^ 

Thus, you see, we can find the maximum height of the ball by 
considering the fall path, with the ball starting from rest and accel- 
erating uniformly at 32^0 ft/sec^/ 



Before continuing, please turn to page . 179 ',n the blue appendix. 



OoKo The time of fall is 3.00 sec. Now determine the maximum 
height reached by the ball. 



The maximum height reached "by the ball was which of these? 
(36) 
A .48.0 ft 
B 144 ft 
C 288 ft 



140 



YOUR ANSWER A 



V 



'n probably didn't read this one carefully. Adding or subtracting 
zero f 3 number does not give a sum or difference of zero. How much is 
15 plus How much is 27 minus 0? 

k' . ^''^"fl^y' "'^ly operation in arithmetic using a zero as the operator 
that does yield zero as an answer is multiplication. Thus, 54 x 0 = 0. 
But this is not true of addition and subtraction, as you know. 



So, please. return to page 98 and choose the other answer. 
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You are correct c Good work. Since things equal to the same thing 
are equal to each other, we have: 

T = d/t and v =» v/2 so that we can write: . — = ^, 

t 2 

Next, we get id alone on the left side by transposing the t^ (multi- 
plying through by t_) and are then left with d « vt/2. 

Remember that we are trying to derive an expression which relates 
acceleration (a), time (t) , and distance ,(d) . As you look at 

d = vt/2 

you see that v rather than a_ is present o So, we should like to replace v 
with ai in a legitimate mathematical way. When you reach a point like this in 
a derivation, you must try to think of another equation which relates v and a,. 
Then, you can solve this other equation for v and replace it with its equality. 
We have just such an expression in that for a body starting from rest and 
accelerating uniformly: 

a =» v/t ' 

Solving this for v, we obtain v » at. So, since v and a^ are identities, 
we can replace the v with at^ in d = vt/2. 

Suppose you do that on scrap paper. Which one of the following 
expressions is obtained by this manipulation? 

(19) 

A d = at/2 



B d at /2 
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Density is wass per unit volume, or if you prefer, mass divided by 
volumeo Even though the amount of rubber or mass of the block remains the 
same in the "foaming" process, the volume does change. This means that the 
new fraction M/V must be different after V has been altered. 

Since dsnsity depends upon two quantities, the density of a given body 
must change if either the mass or the volume changes. 



'Please return to page 168 and select another answer. 



143 
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Your choice is correct» There is an error in the statement. Let's 
find ito We are questioning the relationship among a^, \r, and d_. To- 
establish the truth or falsity of the statement '*If acceleration is constant, 
then the final velocity of a body is directly proportional to the distance 
the body travels," we want to write an equation which includes all three 
of these terms c The only one that fits the requirement is: 

V = v/2ad 

Since the acceleration is constant, we may replace _2a by the sumbol k: 

V = 

For convenience, we may bring the constant outside the radical 
because the square root of a. constant is still constant : 

V = kv^ 

Leaving the k on the right side, we then transpose the /d to the 
left, bringing it down into the denominator: 




Here we have a constant ratio, signifying a direct proportion* 
That is, V is proportional to the square root of d_. In words, the velocity 
acquired by a body in uniform acceleration is directly proportional to the 
square root of the distance that it travels. 



Please go on to page 144. 



ERLC 



144 



This is the first time a square root has entered into a proportionality 
in our work, so we should investigate it briefly. 



Case A 

I d = 1 unit 
O 

V = 1 unit 



Case B 



Case C 



Case D 



4 units 



6 



I d = ? units 



V = 2 units 



Free Fall 

a ~ g = constant 



d = 6 units 



Figure 8 



6.. 



6 

V » ? units 



3 units 



Refer to Figure 8* Using arbitrary units for d^ and v_, we, set up 
case A so that the body falls 1 unit of dis tance and, in the process, 
acquires 1 unit of velocity. From v =*v/2ad and the fact that 2a is a 
constant, for case A we see that 1 = /k x 1 so that the value .of k = lo 

This simplif ies our arithmetic substantially* Thus, case A may be 
set. forth as: 1 = /l x 1 , where d = 1 unit, v = 1 unit, and k = 1. 

Next consider case B. , Ask yourself, "l^at value must d_ have in 
order to allow the ball to acquire a final velocity of 2 units ?" Well, 
if d = 4 units, then v will be 2 units because: 



2 = /I X 4 

Now refer to case C. If we want v_ to be 3 units, what value must 
d_ have? In other words, for constant acceleration, from what height must 
the ball be released so that it acquires a velocity of 3 unit«? Using the 
same technique, we could write: 



3 = /I X ? 



What number would you replace the ? with? Keep the answer in mind 
as you turn to page 173» 



145 



YOUR ANSWER A 



Your algebra is fairly good* The trouble is that you forgot a st 
near the end and omitted an important consideration* We'll accept the 
i^ight side of the equation (i^e. 2d/a) , but we insist that this is not 
equal to just plain _to Work it over again.. What did you forget to do? 



Please return to page 161 o Choose one of the other answers, the 
one that shows your omission properly corrected. 
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You are correct. Here's the reasoning: if the products— I, R, , 
I2R2, l3R3~are equal to each other, then the product of I and R (IR) 
for any values of these quantities (whatever they may symbolize) must be 
constant. But, if the product of two quantities is constant, then these 
quantities are inversely proportional. (Notes: 2(d).) 

The next question is a check on your understanding of how to recognize 
direct and inverse proportions from the position of the proportionality 
constant. ' 

Three groups of relationships are given below. You have already 
discovered that you don't have to know the meanings of the symbols for the 
variables; all you must know is that 



With this knowledge you should be able to recognize direct and 
inverse proportions. Take your time. Study the groups; then select the 
correct statement from those given belox^7. 



k = 



a constant. 



Group 



Group 2 



Group 3 



f/m = k 
pv = k 



vt = k 



P « k/V 



W ^ kf 
E/w ^ k 



(10) 



A Group 1 contains two inverse proportions. 



B Group 2 contains a direct and an inverse proportion • 



C Group 3 contains a direct and an inver.^e proportion. 



D Group 2 contains two inverse proportions. 



147 

YOUR ANSWER A 

You forgot a very important step. 

The equation you want, of course, ist- d = %at^. 

You substituted correctly but forgot to square the value for time. 



Run through it again; then return to page 34 and select the correct 

answer «, 
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You have probably forgotten how to recognize a direct or inverse 
proportion. Let's run through the procedure quickly to re-establish the 
method in your mind* 



In this particular case, we are basing our thinking on the equation 
d « ^at^o We started the body from rest, thus fulfilling one of the two 
conditions for which this equation is valid. We have been told (:hat 
acceleration produced by gravitational force is uniform; this m^ets the 
second conditiono 

If acceleration is uniform, then must be a constant. The divisor, 
2, is also a constant; hence a/2 is a constant. This permits us to write 
the distance equation as d = kt^ where k has replaced a/2. All this is 
perfectly legitimate, mathematically and logically. But the moment that 
you 3ee a relation in the form d = kt^, what, should this ^^SS^st to you? 

(26) 

2 

A It should suggest that d_ and t__ are somehow proportional. 

o 

B It should suggest that d_ and tr_ are related but not necessarily 
proportional in any way. 



/ 
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You are correct. Since distance is proportional to the square of 
the time, then the new distance will be equal to (9)^d or 81d. 



To give you a better "feeling*^ for the significance of the relation 
between distance and time in unif;ormly accelerated motion starting from rest 
(d =5 %at^), you will want to do a few typical problems. Try this one first* 
( Please use the suggested format: list what is given in terms of their 
symbols, state what you are to determine, write the necessary equation, 
and, if necessary, solve it in its literal form for the unknown before 
substituting. ) 

A building is 550 ft tail. A stone dropped from the top of the 
building is allowed to fall for 5 sec. How far from the ground is the stone 
at the end of the 5-sec interval? (The acceleration due to the gravitational 
force may be considered uniform. For the actual values of refer to 
notebook entries 3(a)(1) and 3(a)(2).) 



Choose the correct answer from those given beloWo 
(30) 

A The stone will be 150 ft from the ground at the end of 5 sec. 
B The stone will be 470 ft from the ground at the end of 5 sec. 
C The stone will be 400 ft from the. ground at the end of 5 sec. 
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You are correct. In this case, we saw that = v - 0. So, for a 
body starting from rest and . accelerating uniformly ; 

= V - 0 or = V. 

Clearly, the same kind of thing occurs when we work with At. Since 
At is the difference between the final time and the time reading at the 
beginning of the trip, then: At « t2 - tj. 

For this case, tj = 0 because the timing process starts with the 
clock hands reading zero time; therefore, t2 is merely t^, the time reading 
at the designated point. Thus: 

At « t - 0 or 4t = t. 

We said we were going to write the definition of acceleration in a 
simpler form, applicable to a body that starts from rest and accelerates 
uniformly. Well, the definition of acceleration is: 

a « Av//lt 



So which of the expressions below is this simplest form? 



(14) 




A a » 


v/t 


B a « 


vMt 


C a 'o 


Av/t 
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You are allowing your attention to stray • You have not taken direc 
tions into account. When you reread the text material above the questions 
you will see why the alternative choice is correct. 



Please return to page 68. 
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There is a serious error here* 



Although you were perfectly right in substituting the for the TT, 
since TT is a constant and may be considered to be the constant of proportion- 
ality, you altered the variable quantity r in a way that will not give you 
the right answer. 

In converting an equation into a proportionality, you must never 
change or modify any of the variables o In this example, the area is found 
by multiplying TT by the square of the radius; this square term must be 
found in the proportionality statement without change. 



Please return to page 77 and select another answer. 
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Good I You are correct. As the distance doubles, the intensity is 
reduced by h; as the distance triples, the intensity is reduced by 1/9. 



Before continuing, please turn to page 177 in the blue appendix. 



To what fraction of its former value is the intensity reduced if the 
distance is increased 5 times? 



Write your answer; then turn to page 18 to check it. 
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You are correct*. Let us say that the answer to either of these two 
products is given by tn^i letter k. We use k because this is the letter 
we have adopted to signify a constant or an unchanging number* Since the 
two products have the same answer, we can write: 

Ij^Rj^ = k 
and I 2^2 ^ ^ 

You should remember that in our original expression we had: Ij^Rj^ = 
"^2^2 ^ "^3^3 • * ' > This states that whenever we change one of the 

quantities — for instance, R — then the other quantity, I, changes in such 
a way as to keep the product constant d As ar, example consider in the first 
instance chat 1^ « 8, while R^^ = 2o For thefe valu'is IjR, « 8 x 2 « 16o 
Now assume that we change the R value so that R2 = This will cause I2 
to decrease to 4 so that 12^2 ^ x 4 = 16. Now suppose we change the R 
value so that R^ = I60 Since the product must still be 16, what value must 
assume? 



Write your answer; then turn to page 27. 
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This is not correct. 



You must have forgotten that units can be manipulated just like 
numbers in unit calculations. Thus, in the unit equation: 

m « 2 

the "sec " factors can be canceled, leaving m = -j-. 

Now, sin'ce 2 is a pure number, it is dimensionless , that is, it has 
no units. Hence, the 2 in the denominator cannot change the units in any 
manner and may be omitted from consideration. So we end up with m = m, 
and we have our dimensional check. 



Please return to the original question by turning to page 175. 
Reread it once more; then select the alternative answer. 
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You are correct o Both the change in velocity (av) and the accel- 
eration (a) are negative o - 

Refer to the answer you just chose on page 68<, In solving for 
At in this example, the (-) signs drop out, and the result is: At « 3_ 
sec o This means that the ball will require 3 seconds to rise from the 
ground to its highest point if the initial velocity given to it by the 
thrower is 96^0 ft/seCo 

Knowing the rise time, you can now determine the height to which it 
will rise before it comes to rest at the top of its f light « But we have 



at rest o Well, the body does start from rest in its fall path, doesn't 
it? So, we'll make use of the fall path to find the maximum height of the 
ball above ground o 

We can justify this quite rigorously«> The ball is going to fall 
the. same distance as it rose, so id is the same for both pathso It is going 
to pick up speed, or accelerate, at the same rate during its fall as it 
decelerated during its rise. In short, a_ has the same magnitude for both 
rise and fall, but it is positive for the fall patho So, if d_ and a_ 
both have the same magnitudes during rise and fall, what must be true of the 
time of rise as compared with the time of fall? 




Keep your answer in mind as you turn to page 139 <> 
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CORRECT ANSWER: The equation d » Hat^ should be solved for _t as the 
unknown, since the problem requires that we find out "how long" a time 
is required for the sack to reach the ground. 



Solve the equation above for _t as the unknown. Which one of the 
answers below checks with your solution? 



(33) 



A t = 2d 
a 



B t =» /2ad 



C 
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This answer indicates that something is missing in your chain of 
reasoning. 



Exactly what is meant by saying that one quantity is proportional to 
another? Don't we mean by this that as one quantity is made to vary or 
change the other quantity also varies in some systematic way? If a car 
travels with uniform speed, we say that the distance it travels is directly 
proportional to its speed. This statement also tells us that the car journeys 
farther if we allow it to travel for increasing amounts of time. 

We're sure that you have no doubt at all that the intensity of 
illumination on, say, a movie screen decreases if the projector is moved 
farther and farther away.. The question in your mind might be, "Does this 
decrease occur in a systematic , predictable manner?" 

We have said that there is a mathematical relationship between 
illumination (I) and distance (d) . This should suggest an answer to that 
questiono 

Sometimes a quantity may depend on another but may not be proportional 
to it. For instance, immediately after birth, a baby starts to gain weight. 
He may gain 4 ounces the first week, 6 ounces the second week, 5 ounces the 
third week, and 9.5 ounces the fourth week. Here, his weigHt depends on 
his age, but there is no mathematical equation to relate them; hence there 
is no proportionality p 



Please go on to page 163. 
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Would you say that the size of a man's collar is directly proportional 
to his height? 



Please turn to page 55 and see whether or not you agree with us 
on the answer. 
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YOUR ANSWER B 



You are correct. When the general equation a ^ 4v/4t is solved for 
At, we have .^t ^ v/a» Since both Av and a_ are negative (the car is losing 
speed) , 

-u A*. -88 ft/sec c n 

then flt = ^ r f 2 = 5.9 sec, 

-15 ft/sec^ 

There is an important underlying idea here, A change in velocity may 
be either positive negative, depending on whether the body gains or loses 
speed; the same is true of acceleration. But changes in time (iftt) can never 
be negative because the passage of time is always from "now" to "later," 

This matter of negative acceleration was introduced in the foregoing 
section to show what is. meant by. the (-) sign before either a^ or Av and 
also to show that time, t, is never negative. * 

Now, returning, to I the relationship of time and velocity to distance 
as given by d - %at2, we shall want to examine this expression somewhat 
more deeply. We know this equation applies only to cases where the body 
starts from rest and accelerates uniformly . If the acceleration is uniform, 
then it is constant ; it does not vary from -Instant to instant; since 2 is 
also a constant number, then a/2, as a whole, must be constant. Then 
taking a/2 as a constant, we can write the equation above this way: 
d = kt^ where k has replaced the constant quantity a/2. Now, what does 
d - kt^ imply? 

(24) 

A It implies that distance is directly proportion^il to time. 

B It implies that distance is directly proportional to the square 
of the timet. 



C It implies that distance is inversely proportional to the square 
of the time. 
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This page has been inserted to maintain continuity of text. It is 
not intended to convey lesson information. 
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YOUR ANSWER A 



The distance is proportional to the square of the time, not to the 
time itself I You forgot to square the 9. 



Please return to page 38 and select the correct answer. 
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YOUR ANSWER B 



Not true at all. 



Why? Well, if things equal to the same thing are equal to each other, 

then 

d V 

r=2 . 

because the components of each side of this equation are equal to v". 

This much is surely correct. Now, in the expression you chose as 
valid, the equality above is presumably solved for v. 

To get V alone on one side of the equation, you would have to eliminate 
the 2 on the right side. Most of us would probably do this by multiplying 
both sides by 2. D£ this for yourself now . You will find that you do not 
get V = dt/2 as a result of this operation. Rather, 

2 X d/t » v/2 X 2 

This leaves: 

2d/t =» V 

This result is certainly- not the one expressed in this answer. 



Please return to page 120 and select another answer. 
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CORRECT SOLUTION; 




so D = 



96 g 



hence D « 0.96 g/cw 



100 cm- 



Thus, one cubic centimeter of rubber 'weighs' 0.96 g. 

Now suppose a rubber processor converts this piece of rubber to foam 
rubber without changing the quantity of material in it. In short, the mass 
will remain constant while its volume is increased by "foaming" it. Suppose 
further that the volume just doubles in the process. Thus, the original 
volume was = 100 cm^, while the new volume is V2 = 200 cm^. 



The volume has been doubled. What has happened to the density? 



A The new density is 0.48 g/cm^ which is exactly half the original 
density. 

B The new density is exactly the same as before because the amount 
of rubber did not change. 

C The new density is 1.92 g/cm^ which is just double the original 
density. 



(6) 
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YOUR ANSWER B 



You are not applying the recognition rule for propotionsv 



We'll refresh your memory. 

The easiest and best way to detex^ine whether two quantities are 
directly proportional to each other is to find out whether or not their 
corresponding experimental values form a constant ratio , 

We want to determine if distance is proportional to the square of 
time* Consider the first values: distance (d) = 3 in and time (t) =» 
1 sec. The test relation is: 



= ? constant 



Substituting the first values for d_ and we replace the.d_ term 
with 3 (units may be omitted since they are consistent throughout the 
experiment) and the t^ term with 1 since (1)2 1: 



Next, we replace the and ^ with the second set of values, namely, 

12 in and 4 sec^ since (2)^ = 4: 

d 12 _ 

^2 = ^ = 1 

Well? Is the distance traveled directly proportional to the square 

i:.time? 



of the 



Please return to page 109, You should certainly be able to select 
the correct answer nowo 
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YOUR ANSWER D 



No, there is nothing wrong with this statement. The relationship 
among t^, d^, and a_ is being questioned here. We therefore want an equation 
involving these three terms. Obviously we want: 

d = Hat^ 

If the time is held constant, then %t is a constant and may be 
replaced by ko Thus: 

d » ka 

To obtain the k alone on one side, we cross the a_ to the left and . 
place it in the denominator o (This is the same as dividing through by a.) 

d/a » k . 

We see that there is a constant ratio, signifying a direct proportion. 
Thus d^ is directly proportional to £ or, in words, if the time of travel 
is held constant for a number of different bodies, then the distance covered 
by each one will be directly proportional to the acceleration of that body. 



Return to the original set of statements by turning to page 78, 
please. Try again to find the incorrect one. 
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YOUR ANSmR A 



Your algebra is faulty. Our basic equation is: a = v/t. 



Before making the substitutions, solve the literal equation for the 
unkncim as we have urged you to do» The unknown in this problem is v. Hence 

V = at 

Now substitute the given numbers and units in this expression. Your 
answer will not be the one you first obtained. 



Please return to page 16 and try again. 
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YOUR ANSWER B 



Very goodr You are quite correct. The solutions follow: 

(a) To find total time of flight, find the time of rise and then 
double ito Thus: 

t = — = r^ \r^ — 1 5- " ^o50 sec 

a ■^9 .80 Wsec^ 

But total time =» 2t; hence total time is 5,00 sec. 

(b) To find maximum height of rise, find distance fallen from top 
of ascent in 2o50 sec as previously obtained, 

J „ at^ 9.80 m/&ec^x 6.25 .s«tf^ . 
a = — — s — = 30«6 m 



Well, we're going into the last lap of this lesson now. We promised 
you that we would derive a single equation that would permit you to determine 
the height to which a ball rises, when you know the initial velocity and the 
value of the acceleration due to gravity*. Let's review for a moment. 

The expression a = v/t relates acceleration , v elocity , and time to 
each other for a body that starts from rest and accelerates uniformly. 
The expression d « ^at^ relates acceleration , distance , and time to each 
other for a body that starts from rest and accelerates uniformly. The 
expression we are about to derive, then, must therefore relate acceleration , 

, and , if it is to enable us to determine the 

height of rise from a knowledge of initial velocity and acceleration. What 
are the missing words? Pick them out of the answers below: 

(38) 

A Distance and velocity. 
B Distance and time. 



C Velocity and time. 
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CORRECT ANSWER: The ? must be replaced by the number 9 in order to 
validate the equation. 



Let's go over this verbally* If the velocity of a body in uniformly 
accelerated motion is to double, the distance it moves through must quadruple; 
if the velocity is to triple > the distance it moves through must increase 
9 times ; if the velocity is to quadruple , the distance must increase 16 times ,, 
etc* 

Now look at it the other way. If the distance increases 4 times , v_ 
increases 2_ times ; if d_ increases 9_ times , then v^ increases 3_ times ; if 
increases _16 times , then v increases 4^ times ■ 

Thus, v^ is directly proportional to the square root of the distance 
through which the body moves » 



All right. Now suppose we increase the distance to a value 25 times 
as great as before. By what factor will v^ be increased? 

A v^ will be 25 times as great as it was initially, 
B V will be 5 times as .great as it Jt<fas initially. 
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YOUR ANSWER A 



No» not at all. The original conditions of the expression still 
prevailo If, to start with, we say that I^^i - ^2^2^ telling you in 

no uncertain terms that the two products are equal to each other; hence both 
of them will have the same answer if the correct, applicable numerals are 
substituted for the symbols. 



Please return to page 13 and select the correct answer. 
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YOUR ANSWER B 



You are correct o 



We have achieved our goalo We now have an expression that relates 
acceleration (a), tirae(t), and distance covered (d) . The equation is 
frequently written in the form shown and also in the form: d = %at , which, 
of course, is identical in meaning e Before investigating the implications 
of this expression, we shall want to put it properly in our notes. 



NOTEBOOK ENTRY 
Lesson 6_ 

(Item 3) ■ 

(b) Wlien a body starts from rest and accelerates uniformly, the .distance 
it covers is given by the relation: 

d = — or d = %at^ 
2 



As a new equation, the first essential step for us is to test it 
dimensionally 0 This means that we must check to see that when actual 
quantities are substituted in xt , the units will come out the same on both 
sides o IF THIS DOES NOT Hft^PEN, THEN THE EQUATION IS WRONG c 

We'll work with roks units « We'll use meters (m) for distance, 
meters per sec per sec (m/sec^) for acceleration, and seconds (sec) for time, 

2 ^2 X sec^ 

at sec 

Substituting units in d = --j—, we gat: m ^ • 



Do the units turn out to be the same on both sides? 
(20) 
A Yeso 



■AMP . LESSON 6; ■ ■ ., :176> .: ■ : ■ : , Ta^e ^ealent 

^- Pb.ciase; :.-iston t> Taps .Segnienc 1 ■-f\Lesson. 6 before starting' ' ". 

.A^.Ma:yS^; v^^:.,^^y:y^ axis-m'x:s' t^r: Worksheet qtiescions- by pi;inohing them' 

■ ■• ■ ■ ■ - • , ' . ' •■ ■ . • • • ', . 

' ■■. ■ J-', ■ ■ ■ ' ' . ■■ . ' : ■ ■■■■ . 

: DATA ITJJM As . Average alaDi- Ccr of Earth s " ■;? p,9l:U mi ,/ or i-ourided ' • 

■■' : ■ ■ . A't'-e -a.ge; diame/tdr -or Sa^^^^^ Sd^^pifOO mf;, or ""rouncTed.' 

' Dsok i:;^ 8Q0„&00^ mio --^ 

Reduced ratio of dlame Cers g . 10&;^^^^^^ ;' J " 

. .rrF'Vi Bs Volume ef a spheres ' V ^ | n D^' ' ' - ' 

DATA ITEM . C? VcXuine-diame t;er propof^cion. sphere s ' V = k jP ' ' '. y 



X- ' 



-QUESTIONS 



vio ■ Hc'w iiLa;ny Ea.rths' c^^^^ fitted .int^ .one Sun'? ■ ■ 

■ . . - •■ A occ' ■ .■ " : • - ■■ ■ ■ .■ 

. V - ■ D ■ :. 000 -ocu ■■ ■ -. . ' . , . .■ ■ ' 

;.; : ■ . E -ic eoo 0QO . . ' ■ ' ■ \ ■ ■ 

\ T^iis uma . .a, spncra tts directly propor'clonal. to' the ' 

A • ■ o-ube of. :Itsi ..si^rfaoie a-reao. 'j^'- . " • 

■ ■ -3 . ;.ube -Df- l-t:^. ' raal^So^ . . ' 

. ■ / C sq'uare of fi/t;^ surface .areao , 

■ ■/-■'"V;;: ' D; l^ca^rm .power 'Of ; 1. ts; :i:^.dlus o.- ' ■• 

. . E • ni;-n;^' 6f :ch-es& is corrarCto , 

3o RBg>^^:rd;:..>r::g r:.he- shape of the ■E&.rth. and Vthe Stirij: , " .. 

•■'A '-c^-^'h ■ are ■pe^fei^tly sphere ■ ■ 

•\ ^3 : trie Earth is .air oblate spheroid but' trie- Sim . 
is a perfact , sphereo ' . v„ 

■■ ; - C . -tha Earth nor -the Sun'is a ..perf ecr 

; ■ ■■■ . ; .■ • --'Sphe:?^eo .. '. '"^ , ■ .' ' ' ' 

• D ■, Ear:i:-feh is;^ a perfebif sphere b-at the S^^n^^:. 
Is -x.ct a--perf .eot. sphere.o , .'il; 

"m ■■^v:th bodies.^ - -the ; equatorial-' diameter - eciuals 
•.•■•t;he .polar .dtametel^-'^ ..-. 'O;,. 



E 



\. ' ' ■ rlv^ ■ ■ - . (^^exfc pagen please); 



AMP LESSON 6 176a Tape Sescment 1 

WORKSHEET (con^d) 



3 

A rubber ba-Lx wi ch a volume of 512 cm-^ is compared with 
^ steel bcii:.- bearing with a volume of 1 cm3^, The ratio 
of diameter So rubber ball to steel ball., is 

A 512 to io 

B 22o3 to lo 

C 8 to lo 

D 4 to 0,0 " ■ 

' E /5r2 to 1« 

5c TMiC perfect cubes are being: comparedo One of them nas a 

ength cf side equai bo 3oOO cm and the other has a length 
cf side equal to x2oO cmo The volume ratiOp larger to 

A . 16 to lo 

B 4 to 1« 

C (16)2 ^.^j2 

D (8)2 to (1)2 



E (4)^ to (1)3 



When fmlshedo please return to 
page 104 of the STUDY GUIDEo 



. AMP lesson's ■ .^^ , 177;. :. T£E£_Se£ment ^ 

Please '1.1 Bp en \ to tape Segment '2 of- Lesson .6 .before starting. " 
this WdrksJptee r o . AnsKsr se-lectl-on« to . be; made on Computer Cardo. 

DATA- ITEM jl§ : For' el soTiiloally/'^^ the force of 

■ att:ra;^t:lcnj!'ik^|^ by ''-the. .rela*r^"6n.? ■■''"/■-[ .'/':■ ■ 

F ■ ;^^hi-ch — forces . k propor'tipnality . Gon« : 

■/ scant?/, and r ^ separation -distance .of particles< 

go " Two pa4t.'icles<, separated by-:exaetly T om^ ■ each have, a charge 
such that the foroe between them Is .1 "unitj, — a force, of :. 

• • . at- "^raotlono In order to reduce . this force, to l./lOO of its ".' 
. 'i;rx:lbia;ii!; vaXuso the sieparatlon.; would haye to":be " 

' A ... . 'increased tO' 10 cmo. • " " 

. B increased .to 100. citic.' - ■ . ■ 

-■■ . : : . Ci'/ ^dec.reas.ed. "oo . polO ■.cmo.-.; ' -, .. •' . 

^I} ■ -decreased -to. 0«plp cmo : ,. ^ \_ ^ - - 

.'E; ■ none of . these; is . correcto 1 ; . ■ 

:7'o The gra!:rltational force- between two point mas s:es: can be . 

.^-shown to 'follow- .. . ■ ,. - ■ ,: ' ' -r--' 

■ : "M.: -the : ratio Ic^ cubes o- /, ' / , ■ ' " " ^■ 

B/ /.'/the; Xaw-^'Of '^'lllumi ■ ' \ " ■ : :■ ■:■ 

■. " [ . .^Cj ■ ' the laT\i- ,of ratio, of direct squares*, " v ;1 -. - 
. 13 1 . the. law. of " l^n^ex^se ^squ^ ,, / . ; 

■ E .-oho law. of magnetic ;poleso ' 

■J;,...:;y: 'yy-'- i/- : , ' ■ 1^-. ."■„.. . ■ - . " 

.6p" Tfie •llljUmi:riatlon falling 'on a screen 'varies inversely as 
. -^h-e squk^^ of the distance from the light source provided ' 

. -.'tha V. ^" •■; -1 •■ ~- ' z^"-:- " 

• A.j the light source ' produces a parallel beam©.,,. '. ' L' 

' B| * the intensity, big, • the : light . sour the - . 

|i same thrpughdut the! exper ' :^il... 

"> C|. l.he distance' betwee:h source and screen remains - 

; \ ■OOnstanti> .1" ■•yy- ] ^ ^ . 

• D- \. the apparatus used to measure, illumination conr- 
\ tains scales/ :wtfiic.h ^ can be" us*ed/.to measure dis-' - ' 

• ■ .' "'j.^v-'anc- s o ■ ■ ., : ■ 

- ■■''%!ne 11*^^^ (single color) o 

•Whe^n; finishedj) please return to page 153 • 
; of thelSTUDY GUIDE and -0^ . ; . I'l 



AMP LESSON 6 ■ rzB.;-:..- ■ ' ' . 

. ■/ ' ' ; . - •■■■■'.^ ^WORKSHEEO^^^ . , ' : ' ' ■ 

Please/i:lsten^.,^to' TaV^ starting <;his Wor.k«'. 

.sheet o- .. ■ As. always r, choose your a.nq^^-rers . by- •'punching the AV. 



•DATA ITEM A§' : The table below/ shows." t^^ g inay 

•"assume at .different locations- oh:"'"the surface of the. .Ear the 
•All figures are given/.'in :MKS unltsj, . that iSj, Ih' meters per 

second per secondo : \ : ' - , " 

A;^.asli:a o oc e e : 9^82 ' . Pcirit Tsablej Tex c o o'o o c 9o 79 . .. 
■ Liberia « o o e c 9-0 ?8 ' Greenland o o « p <? © © © © © © o o © '9 ® 83 
Lisbon o o'oo o c . ^oSO ■ New To rk City o:e o o © « o * o 9e80 • . . 



9«. .Gra^rlxa'fcro^.ai the Moon would be roughly 

■C ■ 5o33 m/sec- o . ■ ii . • ^' ■ / ; - . ■ ; ' " ^ 

D 163 .^m/sec .' . • 
•■ .-E : .9080 m/sec^. : - 

Near the- -surface of t Jupiter.5 the gravita- ^ ; 
.clonal acceleration Is : roughly 260 5 .nv^s-ec^^ The tim 

reciimred' for a body to fall 53 <>0 ;;iaeters near :the .sur-' 

face -of ,, Jupix-er would .be ■ . (Hints ; Use d >; at2'/2 in- 

■ ■ *• ' . ■ 1^ is substituted ^ 

' . " for' a) ■ 

■;■ ■ • — C •. S^seco ;.. ' ' 

'■ B 2 seoo ■"'.'x.' ■ "■■-/•/^^ ■. 



Tirie gra^ritatlonal acceleration in New York- City :may also 
'bs ' given, as;."' ■.; ■ ■ ^ . ■ . ^. • 

' • -, • A. ■ ,32 c 0. :xti/s e.G^ '-G^^l! ''98 om7s ec^ 

. B. .9o80.:f t/sec^ ■• • D;/ P^OO. -cm/sec^. 



E; . 980 ' cm/sec^ >^ 
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■ ■ : . . ■ ■; When--.f inishedp ..please /return to -..page 81 

; . " Of the .STUDY GUIDE for vthasVle^ 

■ \' ^:;■/^^:■conti;nueo , . " V;;; V 



■■.. ■ ■amp; LESSON .6 "V , ■ ■ 179 TAI^ SEGMENT- ^ • 

V V;. ' \]J^SKSHEET \ ; . : ■ ' 

. K^A?J*se- i'isten^J^c^ b^ef ore starting - 

■-tYds '.\Jc:rli^sheet appear on the AV Computer , '• 

• ■■ 'Card©- ; - •;. •. ■.' '''''' ' ' 

.... -12 o ;".Po.r an o'bjevC/fc .throirn vertically upwardr, the time required 
^ . . -fci." it' to at^cend to; the height it ultimately reaches is 

V. A is shorter .. than, a-he tlm required f or ■ it- .t-o . . 
O- • .fai/i back to its starting point 'Trom thai-, 

'helghto' : , ; . _ '/ V 

V ' B , . .is^longer 'than the 'time/ required' for it tc5"--3 
• ; ; -, . q '■•fall 'back to its starting point from that ■ - 

■' ' ■ ■ ..."i"/; ■ ■• helghto . ' • . .. ' - . 

• • G is equal to the time required for It to fall; " 

" ■. ■ ; ■ ■ ..'bac.k CO i bs^ a 

D ■ is urirelated. to the" time required' f or i-t to " 
. fall back to its starting point .from that 

neighto - ... ■■■■■■ ■ 

E - is independent of the- value of g'at tha t.; 

13o A Sterne thrd^n vertically upvj^ the^ surface of the 

. ■ Eaivth rises to ■ i t;s maximum' height and_ the.n^vf alls ' half 

■ : , . '^<!a.y back- to^ tt^ If- this comple'te trip required 

; 3 ' s-c/j, - Khat was the maximim- height./to i^hich, the: s^^ 

' -;- 44oI mo. . /■ . • ■ 

,14 e A ball thrown v'^ the _ 

; • ■ . Earth, returns to its starting point in 10 secc Its : . ' . 
.. initial upward velocity must , theref ore ^have been ■ ' 

' ^ ; • A. •■' oQ /W'se^o ' 'l:' ' _; ' ; ■•. ■ 

- VI E!.- .98o.Q"m/s':^Co-: ■ " j ■ • ' - . ■ 

. ."."C. ; .;.160"- m/seoc ' .y. 'V" . - O. ':\ - . '. ■' ■ ■ V ■ • 

^ ' ■ : D' ' 320 ;m/seco , . ^ / ■ . ■ ■ . . • 

-'^ v.. . ■. . • :;80oO: m/secc:;'-^ •■ ■ ■ 

■'■^y ■ .VJhen ■J^inishedo please return^ to page 1-39 • 

> ■ : ^- . ;, vr:bf:. the ^ STUDY",: GUIDE and ^ . 

.'-y ■ ■ : ' ' lesson^ , : • .^-'^ - ■ 
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AJMP lesson: 6" , ; : ; - . iso ^y; ■ ^ . ' a- ^a^^ 

■ ■' ... , • ■ - WORKSHEET-. •.. • ""■ , . 



Piaase I is/'^n ' to -Tai^s Segment 5'.lDefore . s tarting Wis^ , 
sheeto^ ..Ud; (the J^.V/cioinpUter. Card v . " 

MtVL, ITEM ,As*!,.: Leng'^^ of rifle ■ barrel o o o"o o > o o o o »> c o 2 *00 fto . . 

Mu22:?:e •v'el-ocl ty ; o o 0:0 o o « f>' o © o o o o © o 'l\ « c. 1 9 68 0 f t/fec < 
. . , T)etBrmine the accelerationjjv' ao. ■ ■. 

/3o/- .Whioh;,une of the :roXlovjlhg equations; should .you- use^ -if 

yoa/want de c;ermine the time that the bullet: spends ' • 
: in tne barrel? . ( Notes .You- still .don^t" know accelerations ) 

• : -A ^J^ ' - '^^ . ■ ■ ^. ^ -va ■ ■ ..f 

/ . _ :''^';, , E:. none.of . 

■ d 2.at^ ■ D. t -,^ad^. " . theseo ■ ■. .: 

-.60 ■ Wha.t does ■the symlDol . ^'d^' ' stand for In the;^equation -you 
: : '*'^cxild ;use- to; .find the time "that the 'bullet- spends, in,..^ 
- 'the barrel? : .-. 



"A ■ . The "distance covered ,by the bullef. -after: It / 

leaves the' -barrel 
B ; The./distanGe, covered by . th.e.^ bullet before it 

. enters the: bai^relo.. " 
C . The distance. :che .^ bullet falls toward. Earth 

: ■. after it leaves /che barrels ' 
D The dis'tance /the b'alle:fc: rises toward its max- 

im;am:.heighto^ . ■ ' : . " ■ : " 

■E - '- Tne distance covered by the bullet in the bar- 



±76 Tne time;"spent ;by the: .bullet^ i^ 



'-'//■ A- ^y,^p2\ sec : C-: : l/teO' sec 

^(^' Bf- 1/42 sec ^ : ;■. ■. ■ ■D' -1/840. sec 

^- , none of these 



I80 ; ■ Khcwing :the', ui£^ spent by Viae \bui:i:et i the^baTrel,' and _ 
: the f inal^.=:7'alocity^^ the '^:c;c.eli.er^^tion; ^ 

/ - ■ ; ' 706 f t^ ' .p - ^ C ~ 7o'06: x lO^. ft/s^ec^- 

.V ■ - ■ .[■■B'- 7o06 05^ 10^ 'ft/sec^: / -D ..7o06^x 10? ft/sec^\' 
. •:.. —£:' none \of' these' ' 

19.0 ' .Use. -tne equai:ion v; ,^ 2 a'd : to find the- accelerationo-'";Se.« 
: " " : ; -leat^. ■your";.answer'^ the choices given , in Que s"t ion 18 p'- 

: ■ ■ ■■ ^-^ '■■ . Please . return to -page 95 in 'the. -^-It' ^ ::•'..:: " 

-■A ' , . ' :/:' ; study guideo .-^/y----. 



AMP LESSON 6 PROBLEM ASSIGNMENT 

;4^.?A.^lg- j-^- ji^jl"^^ ^ Physic s 

LESSON^ 6 

iti In a 4-hou;r periodn a man walked 2o5 nii during the first 
hour and 2c2 mi during the second hourc He then rested 
f'cr an hourrj after which he walked 2o3 i^i during the fourth 
hj'ax^e What: was his average speed during the entire ^ 
nour period? 

2o A ball rolls down a hill with a constant acceleration of 
3 m, sec^c, If it starts from restc, 

(a) wha'C; is its speed at the end of ^ secj 

(b) "now far did it move? 

3o A car moving on a straight road Increases its speed at a 
iri;; form :raDe from 20 ft/sec to 3^ ft/sec in 20 sec« 

(a) Wnat is the acceleration of the ^ar? 

(b) ; How far did it move during the 20 sec interval? 

A ball thrown vertically upward returns to the ground 6 
sec latere 

(a) For how many seconds did the ball fall after 
attaining maximu^n height? 

(b) How high did it go? 

(e) With what velocity did it strike the ground? 

3o A ball rolls down an incline 12 m long in 5 sec« Assuming 
that the a.oceleratlon is uniform^ 

(a) TAfhat was the average velocity of the ball? 

(b) ^at is its final velocity? 

bo A J'.ar trave'ilng at 25 m/sec is brought to rest at a 
cc^nstanr; ra^e in 20 sec by its brakes o 

(a) What was its acceleration? 

(b) Hew far did it move after the brake was applied? 

7«> A bui.let leaves the muzzle of a gun at a speed of 400 m/sec 
The length of the gun barrel Is Oo5 nio Assuming uniform 

a c c- 6l, e rat ;i on 

(a) what was the average speed of the bullet in- 
side the barrels 

(b) how long was the bullet In the barrel after 
the gun was fired? (Use scientific notation)© 

8o Pressing the brake slows a car down from a speed of 90 

tt/sBo to 50 ft/sec In^ 8 sec© Assuming the acceleration - 
t:o be uniform^ how far did the car travel during the 8 sec 
interval? 
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9o An electron Is accelerated uniformly from rest to a speed 
cf 2,^0 X 10? m.^'sezo 

(a) If tne electron traveled 10 cm. while it was 
being acceleratedn what was Its acceleration? • 

(b) How long did it take it to acquire its final 
speed? (Use scientific notation for both 
answers o ) 

10 o Duririg a JO sec interval o the spee~dr^of -a rocket rose from 
2^0 m se-^ lo 500 m/seco How far did the rocket ' travex 
dvr.,.ixg this time? 



